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Program Preface: 
 
The Challenge Program on Water and Food (CPWF) contributes to efforts of the 
international community to ensure global diversions of water to agriculture are 
maintained at the level of the year 2000. It is a multi-institutional research 
initiative that aims to increase the resilience of social and ecological systems 
through better water management for food production. Through its broad 
partnerships, it conducts research that leads to impact on the poor and to policy 
change. 
 
The CPWF conducts action-oriented research in nine river basins in Africa, Asia 
and Latin America, focusing on crop water productivity, fisheries and aquatic 
ecosystems, community arrangements for sharing water, integrated river basin 
management, and institutions and policies for successful implementation of 
developments in the water-food-environment nexus. 
 
 
Project Preface: 
 
Food and Water Security under Global Change: Developing Adaptive Capacity 
with a Focus on Rural Africa 
 
The project “Food and Water Security under Global Change: Developing Adaptive 
Capacity with a Focus on Rural Africa” aimed to provide farmers, policymakers, 
and other stakeholders in Ethiopia and South Africa with tools to make better 
adaptive decisions in the face of climate-related risk. The project combined 
household surveys and stakeholder forums, which examined local perceptions of 
the long-term effects of global warming and adaptive responses, with climate 
change impact analysis.  The results of the study showed that vulnerability to 
climate change is dependent on a number of factors including the degree to which 
farmers are exposed to climate change, their sensitivity to climate changes, and 
their adaptive capacity.  Given that the nature of vulnerability will vary depending 
on these factors and given large spatial differences across regions, policymakers 
should tailor strategies to reduce vulnerability to local conditions. An effective 
way to address the impacts of climate change would be to integrate adaptation 
measures into sustainable development strategies, thereby reducing the pressure 
on natural resources, improving environmental risk management, and increasing 
the social wellbeing of the poor. Moreover, early warning of extreme climatic 
events, such as droughts and floods, can alert farmers to the shocks, enabling 
them to take action to reduce their vulnerability, such as selling livestock and 
increasing food stocks.  The findings indicate that adaptation strategies need to 
go beyond improved water storage, additional irrigation, and new crop varieties 
to include a focus on improving farmers’ access to information, credit, and 
markets. Information on climate changes and appropriate adaptation responses is 
critical to ensure that farmers are able to make the necessary adjustments to 
their farming practices. To ensure that the right information gets to the right 
people, proactive investments, policies, and extension services must explicitly 
target those who are most vulnerable to climate change: subsistence farmers, 
women, children, and marginalized or less-educated groups. Additional 
investments of US$2 billion per year in public agricultural R&D, rural roads, 
female secondary education, irrigation, and access to clean water could 
significantly reduce the adverse effects of climate change in Sub-Saharan Africa. 
US$5 billion per year could help reduce the number of malnourished children to 
one-third of its current level over the next fifty years. 
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RESEARCH HIGHLIGHTS 
 
The project exceeded expectations in terms of both output and outreach.  This was the 
first scientific, in-depth analysis of climate change impacts and adaptation options at the 
farm and national-level for Ethiopia and, while there is much more research and 
information available for South Africa, project insights were also deeply appreciated in 
South Africa. 
 
This project generated research results on vulnerability, adaptation and climate change 
impacts using a variety of methods including household surveys, stakeholder workshops, 
econometric analyses, and simulation modeling, using both partial agricultural 
equilibrium and general equilibrium models.  
 
Vulnerability assessment showed that while exposure to climate change is greater in the 
case of South Africa, farmers in Ethiopia can be considered more vulnerable given a lack 
of coping or adaptive capacity due to extreme poverty. In the case of Ethiopia, 
vulnerability to climate change is highly related to poverty. Integrated rural development 
schemes aimed at alleviating poverty can play the double role of reducing poverty and 
increasing adaptive capacity to climate change. To counteract the adverse impact of 
climate change, special emphasis will need to be placed on the relatively less-developed 
regions of the country (i.e., Afar and Somali), as well as the relatively more populated 
regions (e.g., Oromia and Tigray), in terms of investment in technology, institutions, and 
infrastructure.  
 
The results for South Africa show that the regions deemed to be most exposed to climate 
change and variability do not always overlap with the most vulnerable populations. 
Rather, vulnerability of the South African farming sector is characterized by a 
combination of medium-level risk exposure coupled with medium to high levels of social 
vulnerability.  
 
An analysis of the determinants of adaptation yielded the following key findings: In order 
to successfully promote adaptation, action is necessary in a number of areas, including 
climate change awareness, access to rural services such as credit and extension, secure 
land rights, agricultural technology, and communication. Development efforts to 
strengthen the economic position of households would also facilitate adaptation by 
enabling farmers to invest in changes to their farming practices. 
 
As climate change continues to worsen farming conditions in Sub-Saharan Africa, 
governments will also need to improve monitoring systems to provide early warnings so 
farmers can prepare for potential crises. While it is important that governments share 
information and communicate with rural communities, this information must be 
communicated in a way that is useful to farmers. Greater communication between 
smallholder farmers, policymakers, and development workers will ensure that the 
information provided is relevant and useful on the ground. 
 
Global change assessments and scenario analyses revealed that water resources in the 
basin are already stressed under today’s climate condition. Projected water management 
and infrastructure improvements, including water use efficiency, storage and conveyance 
facilities, are expected to improve the situation by 2030 if current climate continues into 
the future. However, once climate change considerations are taken into account, future 
water supply conditions are expected to worsen considerably out to 2030. Assessing 
hydrological impacts of climate change is crucial given that expansion of irrigated areas 
has been postulated as one key adaptation strategy for Sub-Saharan Africa.  Such 
expansion will need to take into account changes in availability of water resources in 
African river basins. 
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Moreover, under a scenario of moderate climate change the world’s crop harvested area 
and food production would decrease by 0.3 and 2.7 percent, respectively, by 2050. Both 
rainfed and irrigated harvested areas decrease in Sub-Saharan Africa under climate 
change, whereas rainfed production increases by 0.7 percent, and irrigated production 
drops by 15.3 percent. This sharp decrease in irrigated productivity occurs because some 
irrigated crops, such as wheat and sugarcane, are more susceptible to heat stress and as 
well as due to reduced availability of water for irrigation. Under climate change, only 4.4 
percent of the total crop harvested area is expected to be under irrigation by 2050, 
whereas irrigated production is expected to constitute 12.1 percent of total agricultural 
production in the region by 2050. 
 
These results show that without specific adaptation, climate change would have a 
negative impact on agriculture in Sub-Saharan Africa. Total food production would fall by 
1.6%, with heavy losses in sugarcane (-10.6%) and wheat (-24.1%). The number of 
malnourished children would increase by almost 2 million.  
 
Adaptation strategies need to go beyond improved water storage, additional irrigation, 
and new crop varieties to include a focus on improving farmers’ access to information, 
credit, and markets. Information is the key to adaptation. To ensure that the right 
information gets to the right people, proactive investments, policies, and extension 
services must explicitly target those who are most vulnerable to climate change: 
subsistence farmers, women, children, and marginalized or less-educated groups. 
 
Additional investments of US$2 billion per year in public agricultural R&D, rural roads, 
female secondary education, irrigation, and access to clean water could significantly 
reduce the adverse effects of climate change in the region. US$5 billion per year could 
help reduce the number of malnourished children to one-third of its current level over 
the next fifty years. Agricultural mitigation also presents an opportunity, through carbon 
credits and the like, to provide poor farmers with the economic resources they need to 
adapt. 
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EXECUTIVE SUMMARY 
 
Background 
 
Over the coming decades, global change will have an impact on food and water security 
in significant and highly uncertain ways, and there are strong indications that developing 
countries will bear the brunt of the adverse consequences, particularly from climate 
change. This is largely because poverty levels are high, and developing-country capacity 
to adapt to global change is weak. Furthermore, the rural populations of developing 
countries—for whom agricultural production is the primary source of direct and indirect 
employment and income—will be most affected due to agriculture’s vulnerability to 
global change processes. The agricultural sector is the largest consumer of water 
resources, and variability in water supply has a major influence on health and welfare in 
poor areas. With water scarcity and extreme weather events expected to increase under 
climate change, water security could decline significantly in rural areas. Consequently, it 
is important to understand the impacts of global change (in terms of climate, 
demography, technology, and so on) on agriculture and natural resources in developing 
countries and to develop adaptive capacity to respond to these impacts. Moreover, there 
is a need to develop informed and effective adaptation measures and investment options 
that can be taken now to alleviate adverse impacts of global change in the future. 
 
Objectives 
 
The project aimed to provide policymakers and stakeholders in Ethiopia and South 
Africa, particularly farmers and other rural stakeholders who face the largest impact 
from global change, with tools to better understand, analyze, and form policy decisions 
that will allow them to adapt to global change.  Results are also useful to other areas in 
Africa and elsewhere that face similar impacts from global climate change.  The project 
produced outputs in 6 areas: (1) Characterization of Vulnerability and Adaptive Capacity 
with Local Partners and Stakeholders (Ethiopia and South Africa); (2) Identification of 
Determinants of Adaptive Capacity with Partners and Stakeholders; (3) Development of 
Integrated Policy Analysis Tools with Partners; (4) Global Change Assessment and 
Scenario Analysis - Assessment of the impacts of global change on rural Africa, in 
general, and on Ethiopia and South Africa, in particular, and analysis of response options 
developed in Ethiopian and South African study sites based on the integrated policy 
analysis tool; (5) Development of General Directions for Adaptation and Mitigation 
Strategies for Rural Africa and the Developing World; and Specific Strategies for Ethiopia 
and South Africa Together with Local Partners and Wide Dissemination of Research 
Results; and (6) Enhanced National and International Capacity for climate change and 
economic policy analysis through training of PhD students.  
 
Research regions 
 
To develop these outputs, research under this project was conducted in two river basins 
in two countries in Sub-Saharan Africa; the Limpopo Basin in South Africa and the Nile 
River Basin in Ethiopia. Additional research activities were implemented at the national 
levels in Ethiopia and South Africa and at the regional level for all of Sub-Saharan Africa.  
 
Methods 
 
At the local level, farm household surveys were implemented in the Nile River Basin of 
Ethiopia and the Limpopo River Basin of South Africa to examine vulnerability to shocks, 
perceptions of long-term changes in climate (precipitation and temperature), and the 
determinants of adaptation to long-term climate change. Policymakers are generally 
more interested in the development of adaptation measures following political rather 
than hydrologic boundaries. Therefore, vulnerability and adaptation measures were also 
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developed at the province/state level for these two countries. In parallel, stakeholder 
forums were held in Ethiopia and South Africa to discuss measures of vulnerability, 
adaptation options and constraints, and the role of information and various actors—the 
state, the private sector, and civil society—in shaping adaptation to climate change.  
Finally, the impact of climate change on crop production in the survey sites was 
simulated based on crop yield and production function models to assess the implications 
of climate change for local food security.  
 
At the basin level, the impact of climate change on water availability, water demands, 
and irrigation was simulated to identify basin-level adaptation strategies. Moreover, 
alternative investment strategies at the basin level were identified for Ethiopia taking 
into account climate variability and change, and broader impacts on the economy.  A 
different but similar approach was used to study the impact of climate change and 
adaptation strategies on river basin units in South Africa.  To capture the interactions of 
climate change and adaptation at the national and regional (Sub-Saharan Africa) levels, 
a water-food projections model was updated to take into account the impacts of climate 
change in addition to other drivers of global change.  Using the integrated analysis tool, 
the impact of global change on water and food security, and poverty was assessed for 
case study countries and Sub-Saharan Africa.  Alternative adaptation strategies 
developed at workshops were assessed using the modeling framework and taking into 
account local-level constraints to adaptation and basin-level challenges identified.   
 
These sets of analyses were complemented with papers on the role of climate change 
mitigation for the region, the importance of taking risk into account in devising 
adaptation options, and the role of collective action and property rights in community 
adaptation. 
 
Research findings 
 
• Characterization of Vulnerability and Adaptive Capacity with Local Partners and 
Stakeholders (Ethiopia and South Africa) 
 
In the case of Ethiopia, vulnerability to climate change is highly related to poverty. 
Integrated rural development schemes aimed at alleviating poverty can play the double 
role of reducing poverty and increasing adaptive capacity to climate change. To 
counteract the adverse impact of climate change, special emphasis will need to be placed 
on the relatively less-developed regions of the country (i.e., Afar and Somali), as well as 
the relatively more populated regions (e.g., Oromia and Tigray), in terms of investment 
in technology, institutions, and infrastructure.  
 
Moreover, early warning of extreme climatic events, such as drought, can alert farmers 
to sell their livestock and buy food and other items. Without such warning systems, 
extreme events can deplete the assets of farmers with long-term adverse consequences 
for income and poverty alleviation. In addition, investment in irrigation in places with 
high potential for irrigation (e.g., SNNPR—Southern Nations, Nationalities and People’s 
Region) can increase the country’s food supply. This supply could then be stored and 
sold during drought events and thus reduce food aid dependence. Strengthening the 
ongoing micro-level adaptation methods of governmental and nongovernmental 
organizations, such as water harvesting and other natural resource conservation 
programs, can also boost the adaptive capacities of farmers. 
 
The results for South Africa show that the regions deemed to be most exposed to climate 
change and variability do not always overlap with the most vulnerable populations. 
Rather, vulnerability of the South African farming sector is characterized by a 
combination of medium-level risk exposure coupled with medium to high levels of social 
vulnerability. The findings indicate that farmers in the Western Cape will be confronted 
with high exposure to climate change and variability. They will therefore incur great 
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economic losses. However, the adaptive capacity of this province is high due to its 
greater wealth, high infrastructure development, and good access to resources. In 
contrast, for Limpopo, KwaZulu Natal and the Eastern Cape, it will take only moderate 
climate change to disrupt the livelihoods and wellbeing of the rural inhabitants, who are 
largely subsistence farmers. Thus, climate change will increase the burden of those who 
are already poor and vulnerable.  
 
Given the large spatial differences across province-level vulnerability, policymakers 
should tailor policies to local conditions. An effective way to address the impacts of 
climate change would be to integrate adaptation measures into sustainable development 
strategies, thereby reducing the pressure on natural resources, improving environmental 
risk management, and increasing the social wellbeing of the poor. In regions found to be 
highly vulnerable, such as Limpopo, KwaZulu Natal, and the Eastern Cape, policymakers 
should enact measures to support the effective management of environmental resources 
(e.g., soil, vegetation and water resources); promote increased market participation, 
especially within the large subsistence farming sector; stimulate both agricultural 
intensification and diversification of livelihoods away from risky agriculture; and enact 
social programs and spending on health, education and welfare, which can help maintain 
and augment both physical and intangible human capital. Finally, policymakers should 
invest in the development of infrastructure in rural areas, while in high exposure regions, 
especially the coastal zones, priority should be given to the development of more 
accurate systems for early warning of extreme climatic events (e.g. drought or floods), 
as well as appropriate relief programs and agricultural insurance. 
 
• Identification of Determinants of Adaptive Capacity with Partners and Stakeholders  
 
Participants at the stakeholder forums in Ethiopia and South Africa discussed the 
adaptation options available to farmers in the study regions. According to workshop 
participants in Ethiopia, households have only a limited set of adaptation options at their 
disposal given generally high levels of poverty and low levels of education and 
knowledge. Common adaptation measures communities adopt when confronted with 
climate change include diversification of livelihood sources, migration, participation in 
non-farm activities, sale of assets, settlement and resettlement activities, and the 
adoption of improved water management systems. In South Africa, participants 
identified improving water management, irrigation and water harvesting, delaying 
planting, diversifying livelihood sources, shifting to non-farm activities, environmental 
conservation, and decreasing the area of land under cultivation as appropriate 
adaptations. 
 
Stakeholders also made several policy recommendations designed to facilitate 
adaptation. In Ethiopia, stakeholders argued that greater efforts should be made to 
promote economic development, encourage the participation of all stakeholders in 
decision-making, strengthen coordination and information exchange among 
stakeholders, integrate adaptation into sustainable development strategies, draw on 
local knowledge and experience, create awareness, strengthen data collection and 
analysis, and build capacity for policymaking and implementation of adaptation 
strategies. In South Africa, participants also identified several measures the government 
should undertake to support adaptation, including developing the land market, providing 
market opportunities for small-scale farmers, Investing in infrastructure development 
including the transport system, providing training (and re-training) of extension officers, 
investing in education and capacity building of farmers, investing in irrigation systems, 
and promoting off-farm income earning activities.  
 
The descriptive and econometric analyses yielded the following key findings: In order to 
successfully promote adaptation, action is necessary in a number of areas, including 
climate change awareness, access to rural services such as credit and extension, secure 
land rights, agricultural technology, and communication systems (such as monitoring 
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and early warning systems). Development efforts to strengthen the economic position of 
households would also facilitate adaptation by enabling farmers to invest in changes to 
their farming practices. Providing incentives for agricultural technology could make 
adaptation far easier for many farmers, giving them access to small-scale irrigation 
systems or enabling them to plant high-yielding or drought-resistant crop varieties. 
Social networks also support adaptation by acting as conduits for financial transfers that 
may ease farmers’ credit constraints, provide information about new technologies, and 
facilitate cooperation among farmers to allow the costs and benefits of adaptation to be 
shared. 
 
Further evidence from Ethiopia suggests that farmers’ risk perceptions may also play an 
important role in their choice of adaptation strategy. Farmers appear to select soil and 
water conservation technologies that reduce risk in terms of the impact on the variance 
of crop production. The riskiness of technology varies according to level of rainfall as well 
as geographic region underscoring the importance of careful targeting when promoting 
and scaling up soil and water conservation technologies.  
 
• Development of Integrated Policy Analysis Tools with Partners 
 
The following policy analysis tools were developed: vulnerability indicators (PhD students 
with partners in country), econometric models (PhD students and partners in country), 
country-level CGE model (for South Africa, IFPRI with partners in country), combining 
climate change impact analysis with a multi-market model (for Ethiopia, consultants and 
IFPRI), extension of a partial agricultural equilibrium model to incorporate the impacts of 
climate change (IFPRI), and adding climate change impact analysis capacity to a Global 
General Equilibrium Model (German partner, with developing-country PhD student and 
IFPRI).   
 
• Global Change Assessment and Scenario Analysis - Assessment of the impacts of 
global change on rural Africa, in general, and on Ethiopia and South Africa, in 
particular, and analysis of response options developed in Ethiopian and South African 
study sites based on the integrated policy analysis tool 
 
Global change assessments revealed that climate change impacts vary significantly, 
depending on the scenario and Global Circulation Model chosen. This is particularly true 
for Sub-Saharan Africa where model results indicate raising temperatures but results 
differ significantly regarding changes in precipitation (for example, for East Africa, with 
results ranging from a much drier to much wetter outcomes).  
 
When climate change scenarios are incorporated into a global hydrological model to 
assess implications from climate change on water and irrigation, results showed that 
water resources of the Limpopo River Basin are already stressed under today’s climate 
condition. Projected water management and infrastructure improvements, including 
water use efficiency, storage and conveyance facilities, are expected to improve the 
situation by 2030 if current climate continues into the future. However, once climate 
change considerations are taken into account, future water supply conditions are 
expected to worsen considerably out to 2030. Assessing hydrological impacts of climate 
change is crucial given that expansion of irrigated areas has been postulated as one key 
adaptation strategy for Sub-Saharan Africa.  Such expansion will need to take into 
account changes in availability of water resources in African river basins. 
 
The major impact of climate change on Ethiopia’s economy will result from more 
frequent occurrence of extreme hydrologic events, which cause losses in both the 
agricultural and nonagricultural sectors. To adapt to these long-term changes, Ethiopia 
should invest in enhanced water control to expand irrigation and improve flood 
protection. 
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An analysis of green (precipitation-based) and blue (irrigation-based) water resources in 
the Limpopo and Nile River Basins found that growing water scarcity in the Limpopo 
basin suggests a need for investment in technologies to enhance both irrigated and 
rainfed crop yields. In the Nile River basin, on the other hand, irrigated crop 
productivities are fairly high and achieved with little complementary precipitation. In this 
basin, the focus needs to be on both an expansion of irrigated areas and improvement in 
rainfed crop productivity. 
 
Linking the global hydrologic model with IFPRI’s IMPACT water and food projections 
model and a Computable General Equilibrium model developed at the University of 
Hamburg showed that without specific adaptation, climate change would have a negative 
impact on agriculture in Sub-Saharan Africa. Total food production would fall by 1.6%, 
with heavy losses in sugarcane (-10.6%) and wheat (-24.1%). The number of 
malnourished children would increase by almost 2 million.  
 
Two adaptation scenarios—the first doubles irrigated area in Sub-Saharan Africa and the 
second scenario increases both rainfed and irrigated crop yields by 25 percent for all 
countries in Sub-Saharan Africa—show improved outcomes, however. Because of the 
relatively low share of irrigated area in total agricultural area in Sub-Saharan Africa, an 
increase in agricultural productivity achieves much larger benefits for the region than a 
doubling of irrigated area. Because agriculture in Sub-Saharan Africa is far below its 
potential, substantial productivity gains are technically feasible. An increase in irrigated 
area and agricultural productivity leads to a decrease in the production cost of 
agricultural products, and consequently to a reduction in market prices. Even though 
Sub-Saharan Africa is not a key contributor to global food production or irrigated food 
production, both adaptation scenarios help lower world food prices.  
 
As a result of lower food prices, the number of malnourished children in Sub-Saharan 
Africa is projected to decline by 0.3 million children by 2050 under the doubling of 
irrigated area scenario and by 1.6 million children under the increased agricultural 
productivity scenario.  Both adaptation scenarios enable farmers to achieve higher yields 
and revenues from crop production.  
 
• Development of General Directions for Adaptation and Mitigation Strategies for Rural 
Africa and the Developing World; and Specific Strategies for Ethiopia and South 
Africa Together with Local Partners and Wide Dissemination of Research Results 
 
Key conclusions that extend to all of Sub-Saharan Africa include that adaptation 
strategies need to go beyond improved water storage, additional irrigation, and new crop 
varieties to include a focus on improving farmers’ access to information, credit, and 
markets. Information is the key to adaptation. To ensure that the right information gets 
to the right people, proactive investments, policies, and extension services must 
explicitly target those who are most vulnerable to climate change: subsistence farmers, 
women, children, and marginalized or less-educated groups. 
 
The analysis on investments needed for climate change adaptation for Sub-Saharan 
Africa have shown that additional investments of US$2 billion per year in public 
agricultural R&D, rural roads, female secondary education, irrigation, and access to clean 
water could significantly reduce the adverse effects of climate change in the region. 
US$5 billion per year could help reduce the number of malnourished children to one-third 
of its current level over the next fifty years. 
 
The project also analyzed the potential for Sub-Saharan African countries to contribute 
to climate change mitigation through agriculture and land use change. The review found 
that while there has been little recognition of the role of agriculture and land use change 
in contributing to climate change significant potential exists in these countries to reduce 
climate change. By recognizing and financing these mitigation opportunities through 
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carbon credits and the like, developed countries would also be providing poor farmers 
with the economic resources they need to adapt. 
 
Outcomes and impacts 
 
The main aim of this project was to influence the policymaking process at the national 
level, thus, policymakers and researchers were the main audience for research results. 
To ensure that research results are used by policymakers and researchers, policy briefs 
were developed for all major research papers and reports. Policy briefs relating to topics 
of importance for Ethiopia were translated into Amharic. All policy briefs have been made 
available over the internet or as hardcopy when requested.  Moreover, we disseminated 
research results through several policy workshops in our partner countries, as well as 
through various media outlets (see selected media reports below), and through 
presentations in international conferences, and publication of working papers that can be 
easily accessed over the internet. The data collected for this project have been made 
available for use by all our in-country collaborators, and they, in turn, have passed the 
data on to new students and researchers.  
 
However, the results have implications for other stakeholders at a more micro-level 
including extension agents, farmers, and community leaders. It is assumed that 
information provided to policymakers at the national level will influence decision-making 
in the formation of adaptation strategies, which will then influence changes at the farm 
level. However, it will be important to monitor the impact of policy decisions on the 
ground at the farm and community levels. 
 
We received several requests for the household questionnaire that has since been 
adapted to other studies in other African countries and beyond. We also received many 
requests for presentation of our research results and for papers, articles, and short 
summaries that we have gladly provided.  We hope to also present our final results at 
the Copenhagen Climate Change Negotiations. 
 
International public goods  
 
Apart from the knowledge generated through the research, the project produced two 
important international public goods: 2 large household datasets with vulnerability, 
climate change perception, and adaptation modules. Household datasets will be made 
available on the IFPRI website following IFPRI data policy; moreover, the project, for the 
first time, combined a global CGE model with both irrigation analysis and climate change 
impact analysis.  
 
Recommendations and Future Research Needs 
 
The study highlighted the need for more research on the effectiveness, risks, and 
benefits of adaptation options in different contexts. IFPRI and collaborating research 
institutes should further explore and assess the implications of different adaptation 
options. In addition, more research is needed on the synergies and tradeoffs between 
adaptation responses, climate change mitigation activities, and efforts to increase 
agricultural productivity so that priority may be given to activities which meet multiple 
objectives.  
 
Finally, more research is needed on the impacts of extreme events (droughts, floods, 
hailstorms), and not just impacts of climate change as measured by Global Circulation 
Models (increasing temperatures and changing patterns of precipitation). Furthermore, 
impacts of sea-level rise, glacier melt, extreme events, increasing temperatures and 
changing rainfall patterns need to be assessed simultaneously to assess potential 
impacts on agricultural production and food security more in-depth. 
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The study also highlighted the need for targeted investments based on disaggregated 
vulnerability analysis--given the large heterogeneity among local biophysical and 
socioeconomic conditions and projected changes of these conditions under climate 
change--to ensure that scarce budgetary resources are not wasted. This will require 
more spatially disaggregated projections of climate change impacts and more 
information on the long-term benefits and risks of various adaptation options.  Further 
research on community-based adaptation strategies is also warranted.  
 
The research results have several implications for end users. The results show that farm-
level adaptation involves more than adopting new agricultural technologies such as 
improved water storage facilities, additional irrigation, and new crop varieties. Given the 
importance of having access to extension services and formal sources of credit on 
farmers’ decisions to adapt, policy-makers should extend and improve upon such 
services, ensuring that they reach small-scale subsistence farmers.  
 
Providing support to the poorest farmers is critically important, given that this group is 
the most vulnerable to long term climate change, and least-equipped to make the 
changes needed to sustain their livelihoods in the face of such a threat. Addressing 
market imperfections, including lack of access to information and credit, and ensuring 
effective targeting requires strong leadership and involvement of the government in 
planning for adaptation and implementing measures to facilitate adaptation at the farm 
level.  
 
Government investments in enhanced and expanded water control, development of 
better crop varieties, and improved crop management practices, such as agro-forestry 
also require government support to be taken up by a larger number of farmers.  
Ultimately, given the constraints to adaptation highlighted in this study, many farmers 
may turn to adaptation options outside the agriculture sector, including migration, or 
finding wage employment. 
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1. INTRODUCTION 
1.1 Impacts of global change on the poor  
 
Over the coming decades, global change will have an impact on food and water security 
in significant and highly uncertain ways, and there are strong indications that developing 
countries will bear the brunt of the adverse consequences, particularly from climate 
change. This is largely because poverty levels are high, and developing-country capacity 
to adapt to global change is weak. Furthermore, the rural populations of developing 
countries—for whom agricultural production is the primary source of direct and indirect 
employment and income—will be most affected due to agriculture’s vulnerability to 
global change processes. The agricultural sector is the largest consumer of water 
resources, and variability in water supply has a major influence on health and welfare in 
poor areas. With water scarcity and extreme weather events expected to increase under 
climate change, water security could decline significantly in rural areas. Consequently, it 
is important to understand the impacts of global change (in terms of climate, 
demography, technology, and so on) on agriculture and natural resources in developing 
countries and to develop adaptive capacity to respond to these impacts. Moreover, there 
is a need to develop informed and effective adaptation measures and investment options 
that can be taken now to alleviate adverse impacts of global change in the future (Figure 
1). 
 
Farm level 
National level 
Regional level 
Global level 
Basin level 
• crop and livestock selection
• cropping & grazing pattern
• irrigation/watering technology
• water allocation policies
• infrastructure investment
• land use change 
• agriculture & water price policies 
• investment, subsidy &  tax policies
• trade policies
• regional trade policies 
• global climate policies
• global trading pattern 
GLOBAL 
CHANGE SPATIAL SCALESADAPTATION STRATEGIES
Climate
change
Extreme 
weather
events
Demographic
change
Conflict
& crises
 
 
 
Figure 1. Global Change, Spatial Scales, and Adaptation Strategies 
 
A project supported by the Federal Ministry for Economic Cooperation and Development, 
Germany, titled “Food and Water Security under Global Change: Developing Adaptive 
Capacity with a Focus on Rural Africa,” has attempted to work on these various scales 
with a focus on adaptation to climate change. This project, which is associated with the 
CGIAR Challenge Program on Water and Food, involved close collaboration with 
researchers at the Center for Environmental Economics and Policy in Africa, the Ethiopian 
Development Research Institute, the Ethiopian Economics Association, and the University 
of Hamburg.  
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At the local level, farm household surveys were implemented in the Nile River Basin of 
Ethiopia and the Limpopo River Basin of South Africa to examine vulnerability to shocks, 
perceptions of long-term changes in climate (precipitation and temperature), and the 
determinants of adaptation to long-term climate change. Policymakers are generally 
more interested in the development of adaptation measures following political rather 
than hydrologic boundaries. Therefore, vulnerability and adaptation measures were also 
developed at the province/state level for these two countries. In parallel, stakeholder 
forums were held in Ethiopia and South Africa to discuss measures of vulnerability, 
adaptation options and constraints, and the role of information and various actors—the 
state, the private sector, and civil society—in shaping adaptation to climate change.  
Finally, the impact of climate change on crop production in the survey sites was 
simulated based on crop yield and production function models to assess the implications 
of climate change for local food security.  
 
At the basin level, the impact of climate change on water availability, water demands, 
and irrigation was simulated to identify basin-level adaptation strategies. Moreover, 
alternative investment strategies at the basin level were identified for Ethiopia taking 
into account climate variability and change, and broader impacts on the economy.  A 
different but similar approach was used to study the impact of climate change and 
adaptation strategies on river basin units in South Africa.  To capture the interactions of 
climate change and adaptation at the national and regional (Sub-Saharan Africa) levels, 
a water-food projections model was updated to take into account the impacts of climate 
change in addition to other drivers of global change.  Using the integrated analysis tool, 
the impact of global change on water and food security, and poverty was assessed for 
case study countries and Sub-Saharan Africa.  Alternative adaptation strategies 
developed at workshops were assessed using the modeling framework and taking into 
account local-level constraints to adaptation and basin-level challenges identified.   
 
These sets of analyses were complemented with papers on the role of climate change 
mitigation for the region, the importance of taking risk into account in devising 
adaptation options, and the role of collective action and property rights in community 
adaptation.  
 
1.2 Conceptual framework for vulnerability and adaptation to climate change 
 
Figure 2 presents the conceptual framework for vulnerability and adaptation to climate 
change used for this report.  An individual, community’s or country’s ability to become 
resilient to climate change is determined by the nature of the impacts and the capacity 
to adapt. The magnitude of impacts is influenced by exposure and sensitivity to climatic 
variability and change. In addition, varied factors determine adaptive capacity, from 
social networks to the level of access to economic resources. Therefore, building 
adaptive capacity through increasing access to knowledge and resources and reducing 
the severity of impacts through emissions abatement are key entry points for reducing 
vulnerability and building resilience to climate change.  
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Figure 2. Climate change vulnerability, adaptation, and resilience 
Source: Adapted from Gbetibouo (2009). 
 
1.2.1 Exposure and sensitivity 
 
Exposure and sensitivity have been used in the literature to characterize the biophysical 
impacts of climate change on agroecological systems (Tubiello and Rosenzweig 2008; 
Moss et al. 2001). Exposure encompasses the spatial and temporal dimensions of 
climate variability, such as droughts, and sensitivity refers to the resiliency of the 
agroecological system to withstand the impacts, without conscience efforts by manages 
at adaptation. Levels of exposure and sensitivity to climate change will affect crop yields, 
water availability, pest populations, and crop calendars.  
 
Vulnerability to climate change depends not only on exposure to climate events but also 
on physical, environmental, socioeconomic, and political factors that influence how 
sensitive countries will be to a changing climate and how they will be able to cope. Each 
of the three components defining vulnerability to climate change—exposure, sensitivity, 
and adaptive capacity—requires several strategies in order to reduce vulnerabilities of 
agriculture. Mitigation and adaptation measures are essential to reduce the extent of 
global warming, to reduce the sensitivity of countries, and to improve countries’ capacity 
to adapt to a changing climate.   
 
Several results have been developed on the vulnerability of Ethiopia and South Africa 
using composite indicators reflecting exposure, sensitivity, and adaptive capacity.  
 
1.2.2 Adaptive capacity 
 
The third dimension of vulnerability weighs the biophysical impacts against the capacity 
of a society or human system to manage those impacts. This aspect of vulnerability is 
most difficult to conceptualize, because many socioeconomic variables determine 
adaptive capacity. Institutional factors such as property rights and political stability will 
influence the extent to which farmers and other stakeholders can mobilize and gain 
access to pooled resources and knowledge. For example, government-provided 
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extension services will influence a farmer’s knowledge of alternative technologies, and 
property rights provide an incentive for continued investment. Economic aspects will 
shape the level of investment and planning, as well as how much access to inputs such 
as fertilizer and irrigation a farmer may have.  Achieving enhanced resilience in the face 
of climate change will require enhancing the adaptive capacity of countries in Sub-
Saharan Africa as well as implementing appropriate adaptation investments, policies, 
and institutions. Moreover, mitigation measures can support adaptation options and 
provide much-needed funds for further adaptation (Bryan et al. 2008; FAO 2009).  
Adaptation measures should be targeted to countries, sectors, and people most 
vulnerable to the adverse impacts of climate change—that is, those most exposed to and 
most sensitive to the adverse impacts of climate change and those with the least 
adaptive capacity (Figure 1.2). 
 
1.2.3 Moving from vulnerability to resilience  
 
Resilience is used to describe the magnitude of a disturbance that a system can 
withstand without crossing a threshold into a new structure or dynamic. A number of 
factors contribute to a system’s ability to become resilient, including economic and 
natural resources, knowledge, and the level of sophistication of institutional processes, 
all of which broadly describe a system’s adaptive capacity. Building resiliency to climate 
change requires simultaneously building resilience in human systems and in the 
interlinked ecosystems upon which they depend.  Enacting proactive adaptation 
measures to build resilience in food production, food security, and the livelihoods of the 
poor requires an understanding of the strategies that can reduce the vulnerability of the 
agricultural sector to the effects of climate change and that can build resilience among 
farmers and those who depend directly on the sector for their livelihoods. For example, 
key crops and production systems will need to be identified that are important both in 
maintaining food security and in generating income, as well as those production systems 
that will respond ideally to defensive investments. The determination of the best-bet 
investments depends on many factors and is more an art than a science at this point. 
Given that the location and severity of climatic events are difficult to predict, it will be 
important to identify strategies that are robust in the face of uncertainty. 
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2. PROJECT OBJECTIVES AND FINDINGS 
The project produced outputs in 6 areas:  
1. Characterization of Vulnerability and Adaptive Capacity with Local Partners and 
Stakeholders (Ethiopia and South Africa);  
2. Identification of the Determinants of Adaptive Capacity with Partners and 
Stakeholders; 
3. Development of Integrated Policy Analysis Tools with Partners;  
4. Global Change Assessment and Scenario Analysis - Assessment of the impacts of 
global change on rural Africa, in general, and on Ethiopia and South Africa, in 
particular, and analysis of response options developed in Ethiopian and South African 
study sites based on the integrated policy analysis tool;  
5. Development of General Directions for Adaptation and Mitigation Strategies for Rural 
Africa and the Developing World; and Specific Strategies for Ethiopia and South 
Africa Together with Local Partners and Wide Dissemination of Research Results; 
6. Enhanced National and International Capacity for climate change and economic policy 
analysis through training of PhD students.  
3. METHODS 
3.1 Household surveys 
 
At the local level, farm household surveys were implemented in the Nile River Basin of 
Ethiopia and the Limpopo River Basin of South Africa to examine vulnerability to shocks, 
perceptions of long-term changes in climate (precipitation and temperature), and the 
determinants of adaptation to long-term climate change. The survey in the Limpopo 
Basin, South Africa, was carried out in collaboration with the Center for Environmental 
Economics and Policy in Africa (CEEPA), University of Pretoria between August and 
November 2005, covering the agricultural season April/May 2004 to April/May 2005. In 
Ethiopia, the survey was conducted during the 2004/2005-production year in the Nile 
Basin in collaboration with the Ethiopian Development Research Institute (EDRI).  
 
In order to assess farmer’s vulnerability to, perceptions of, and adaptation to climate 
change, the household survey collected information on demographic characteristics;  
socioeconomic status (e.g. wealth status, income sources, etc.); social capital (in the 
case of Ethiopia); land tenure; crop and livestock management; input use and expenses; 
productive investments; food consumption patterns and expenditures; access to 
information, extension, technology, markets, and credit; coping responses to climate 
shocks; perceptions of climate change; adaptation responses; and constraints to 
adaptation. See Table 1 below for a list of the survey modules. 
 
Table 1: Questionnaire Structure 
Section 1: Household Roster--Members of Households, Education, and Employment 
Section 2: Household Assets, Basic Services, Disease, Shocks 
Section 3: Land Tenure 
Section 4: Farm Machinery, Farm Buildings, Wells & Pumps, and Wage Rate 
Section 5: Crop Production - Annual and Perennial crops (for annual crops Dec. 2004-Nov. 
2005) 
Section 6: Livestock Production (Dec. 2004 – Nov. 2005) 
Section 7: Access to Extension, Markets and Credit 
Section 8: Expenditures on Food and Income 
Section 9: Climate Change and Adaptation Options 
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3.2 Ethiopian Nile Basin Household Survey 
 
The household sampling frame in Ethiopia was developed to ensure representation at the 
woreda (district) level of rainfall patterns in terms of both annual total and variation; the 
four classes of traditionally defined agro-ecological zones (AEZs) found in the basin; 
vulnerability of food production systems through the proxy of frequency of food aid in 
the past ten years; and irrigation prevalence.  All data used in the sample frame is from 
the Atlas of the Ethiopian Rural Economy (Benson et al., 2006). 
 
Each woreda was classified according to the following criteria: agroecological zone (Kolla, 
Weynadega, Dega, and Bereha), the percent of cultivated land under irrigation (no data, 
0-2%, 2-4%, 4-8%, and 8% or greater), average annual rainfall (0-854mm, 854-
1133mm, 1133-1413mm, 1413-1692mm, 1692mm or greater), rainfall variability 
(coefficient of variation for annual rainfall), and vulnerability (number of years of food 
aid received in the past 10 years). 
 
Twenty woredas were selected such that across each of the above dimensions the 
proportion falling into each class for the sample matched as closely as possible the 
proportions for the entire Nile basin.  The selected woredas are indicated in Figure XX.  
Peasant associations (administrative units lower than districts) were also purposely 
selected to include households that irrigate their farms. One peasant association was 
selected from every woreda for a total of 20 peasant associations. Random sampling was 
used in selecting 50 households from each peasant administration within the 20 
woredas. Thus, the final dataset contains 1,000 observations from 20 woredas in 5 
regions in Ethiopia (Tigray, Amhara, Oromiya, Benishangul Gumuz, and Southern 
Nations Nationalities and Peoples (SNNP)).  Table XX shows the distribution of 
households by region, district, and peasant association. 
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Key to woredas in sample: 
 
1. Hawzen  
2. Atsbi Wenberta 
3. Endamehoni 
4. Debark 
5. Sanja 
6. Wegera 
7. Kemkem 
8. Enemay 
9. Quarit 
10. Gimbi 
11. Haru 
12. Limu 
13. Nunu Kumba 
14. Kersa 
15. Hidabu Abote 
16. Bereh Aleltu 
17. Wembera 
18. Bambasi 
19. Sirba Abay 
20. GeshaDaka 
 
 
Figure 3.  Map of woredas selected for sample in Nile Basin of Ethiopia 
 
Table 2. Survey districts and peasant associations, Ethiopia 
 
Region Zone Districts 
Peasant 
associations 
Number of 
households 
Tigray EastTigray Hawzein Selam 50 
   Atsbi 
Wonberta 
Felege Woinie 50 
  South 
Tigray 
Endamehoni Mehan 50 
Amhara North 
Gondar 
Debark Mekara 50 
   Chilga Teber Serako 50 
   Wogera Sak Debir 50 
  South 
Gondar 
Libo Kemkem Angot 50 
  East Gojam Bichena Aratband 
Bichena 
50 
  West Gojam Quarit Gebez 50 
Oromiya West 
Wellega 
Gimbi Were Sayo 50 
   Haru Genti Abo 50 
  East Shoa Bereh Aleltu Welgewo 50 
  East Shoa Hidabu Abote Sira marase 50 
  East 
Wellega 
Limu Areb Gebeya 50 
   Nunu Kumba Bachu 50 
  Jimma Kersa Merewa 50 
Benishangul Metekel Wonbera Addis Alem 50 
1 2
5 4
6 3
7
9
17 8
19
18 1512
1610
11
13
1420
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Gumuz 
  Asosa Bambasi Sonka 50 
  Kamashi Sirba Abay Koncho 50 
SNNP  Zone 1 Gesha Daka Kicho 50 
Total    1,000 
 
3.3 South African Limpopo Basin Household Survey 
 
The water management areas (WMAs) and information on the range of agricultural 
production activities from SSA provided the basis for the selection of a representative 
sample reflecting various agricultural and water-use activities in the Limpopo Basin in 
South Africa. The South Africa sample design relied on data from several publications by 
Statistical South Africa (SSA, 1998, 2002a and 2002b), and the Department of Water 
and Forestry (DWAF, 2004a – 2004f). The first publication is the census of agriculture in 
1993 at the district level in each of the nine provinces (SSA, 1998). The second is a 
survey of large- and small-scale farms in 2000 at the provincial level (SSA, 2002a) and 
the third is a census of commercial agriculture in 2002 at the provincial level (SSA, 
2002b).  The DWAF (2004a – 2004f) provides information with regard to management of 
water resources in the country.  
 
The sample methodology relied on the relative number of farming operations (as a 
reasonable proxy for farm households) as one basis for the selection of districts at the 
provincial level (SSA 2002a). Detailed information at the district level provided by SSA 
(1998) was used to select districts in each of the 4 provinces following the allocation of 
districts for each of the 5 WMAs in the Limpopo Basin. 
 
The sample was designed was to capture all the diverse agricultural patterns in the basin 
area: farming strata, type of cultivation (dry land and irrigation), major and minor crops 
and livestock, and all the sub-catchment areas in each of the 5 WMAs. The sample frame 
therefore consisted of all the districts located in the WMAs and the provinces in the 
Limpopo Basin area.  There were four main steps leading to the final sample.  These 
involve the number of sample districts which was based on the farm household sample, 
district sample at the WMA level, selection of specific districts at the provincial level and 
the selection of farm households at the district level. 
 
The first step involved the identification of total number of sample districts. Given that 
approximately 40-50 households are needed per district to conduct a district-level 
analysis and a target of 800 observations in the final dataset, the number of sample 
districts was set at 20. One third (267) of the observations were designated to be large-
scale, commercial farmers and the rest (533) were to be small scale and emerging 
farmers. This distribution reflected not only the proportion of farming operations in the 
country (14% large-scale and 86% small-scale), but also the distribution of agricultural 
land (86% large-scale and 14% small-scale), and agricultural value-added (90% large-
scale and 10% small scale) (SSA, 2002a). 
 
The second step involved selecting districts from the 5 WMAs. Given that there are 86 
districts in the 5 WMAs (out of the 107 districts in the 4 provinces in which the WMAs are 
located), the number of sampled districts (20 out of 86) equals 23 percent of all the 
districts in the Limpopo Basin area. Given that the 4 provinces cut across the WMAs in 
the Limpopo Basin area, the distribution of the 20 sampled districts among the 5 WMAs 
was determined by the proportion of the total number of districts in each of the WMAs 
(see Table 3).   
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Table 3: Distribution of sampled districts for the 5 WMA 
Water Management Areas 
(WMAs) in the Limpopo Basin 
No. of 
districts 
Proportion of district in 
the Limpopo Basin (%) 
No. of 
sampled 
district 
Limpopo 22 25 5 
Luvuvhu and Letaba 9 10 2 
Crocodile (west) and Marico 23 27 5 
Olifants 16 19 4 
Inkomati 16 19 4 
Total 86 100 20 
 
The third step involved determining the distribution of the 20 districts across the 4 
provinces in the basin. As noted previously, several of the provinces cut across the 5 
WMAs. In some instances, some of the WMAs are only located in a single province; 
therefore, all the sampled districts for the particular WMA were selected from that 
province. Moreover, some of the districts in the basin cut across more than one WMA 
and were selected as part of the sample. The rest of the sampled districts for each WMA 
were distributed among the 4 provinces, based on the relative proportion of districts in 
each of the provinces.   
 
The choice of districts at the provincial level was based on the following criteria: (1) 
importance of agriculture in the district with respect to total land acreage under 
agriculture and the proportion under dryland farming and, number of farming units; (2) 
proportion of irrigated farm land and; (3) proximity to a dam.  In addition, the selected 
districts were expected to cover all the sub-catchments in each WMA.  Based on these 
criteria plus the selection of districts cutting across WMAs, the following is the 
distribution of districts among the 4 provinces: Gauteng (2), Limpopo (9), Mpumalanga 
(6) and North West (3).  
 
The fourth step involved the selection of farm households at the district level. This was 
based on a random sample of farm households who undertook some farming activities 
during the previous farming season (April 2004 – May 2005).  Farmers were carefully 
selected with the assistance of producers associations and the National Department of 
Agriculture. In total, 794 surveys were completed in 19 districts of 4 provinces of South 
Africa.  
 
3.4 Stakeholder Forums 
 
In parallel with the household surveys, stakeholder forums were held in Ethiopia and 
South Africa to discuss measures of vulnerability, adaptation options and constraints, 
and the role of information and various actors—the state, the private sector, and civil 
society—in shaping adaptation to climate change. The main research questions guiding 
the discussions were based around 4 thematic lines:  
 
Theme 1: Climate Change: Manifestations and consequences 
What constitutes climate change?  
What are perceptions of climate change? 
What are the consequences of climate change? 
 
Theme 2: Vulnerability and Indicators of Vulnerability 
What is vulnerability to climate change? 
What are the indicators of vulnerability? 
Who is vulnerable to climate change, how and why? 
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Theme 3: Adaptation to Climate Change: measures and actors 
What are the different types of adaptation strategies in rural areas?  
What adaptation measures are most appropriate? 
Who is responsible for various adaptation measures? 
How organized are the actors? 
How coordinated are the actions by different actors? 
 
Theme 4: The Role of Information 
What kind of information is available? 
Who has the relevant information? 
Who is responsible for disseminating? 
What information should be disseminated on adaptation options? 
What are the information pathways? 
 
In answering the set of questions listed above, the forums enabled policymakers to 
determine how vulnerable different sectors and groups of society are to climate change 
and support them in their development of adaptation measures. Different approaches 
were used to address these four sets of questions including plenary discussions, 
individual questionnaires (for the selection and ranking of vulnerability indicators and 
adaptation measures), and breakout groups. 
 
3.5 Basin and Global Modeling 
 
At the basin level, the impact of climate change on water availability, water demands, 
and irrigation was simulated to identify basin-level adaptation strategies. Moreover, 
alternative investment strategies at the basin level were identified for Ethiopia taking 
into account climate variability and change, and broader impacts on the economy.  A 
different but similar approach was used to study the impact of climate change and 
adaptation strategies on river basin units in South Africa.   
 
To capture the interactions of climate change and adaptation at the national and regional 
(Sub-Saharan Africa) levels, a water-food projections model was updated to take into 
account the impacts of climate change in addition to other drivers of global change.  
Using the integrated analysis tool, the impact of global change on water and food 
security, and poverty was assessed for case study countries and Sub-Saharan Africa.  
Alternative adaptation strategies developed at workshops were assessed using the 
modeling framework and taking into account local-level constraints to adaptation and 
basin-level challenges identified.   
 
The top-down mode starts with climate change scenarios, and estimates impacts through 
scenario analysis, based on which possible adaptation practices are identified.  In the 
scenario-based approach, adaptations are assumed and are invariably treated as 
primarily technical adjustments (for example, changing to different crops, adopting 
efficient irrigation systems, or altering production systems) to the impacts identified. 
Most of these adaptations represent possible or potential adaptation measures, rather 
than measures that have actually been adopted.  
 
3.5.1 International Model for Policy Analysis of Agricultural Commodities and Trade 
 
The International Model for Policy Analysis of Agricultural Commodities and Trade 
(IMPACT) is a partial equilibrium model of the agricultural sector, representing a 
competitive agricultural market for crops and livestock. IMPACT includes 30 agricultural 
commodities and 115 countries and regions, 126 (aggregated) river basins, and 281 
global food production units defined by intersections of economic regions and river 
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basins. To account for the effect of water supply and demand on food production, a 
water simulation module connected with the food model explores the relationships 
among water, environment, and food production and simulates annual and seasonal 
water supply and demand, projected water infrastructure capacities, and projected water 
demands of the domestic, industrial, livestock, and irrigation sectors based on drivers 
including population and income growth, changes of irrigated areas and cropping 
patterns, and improvement of water use efficiencies, taking account of precipitation, 
evapotranspiration, runoff, water use efficiency, flow regulation through reservoir and 
groundwater storage, nonagricultural water demand, water supply infrastructure and 
withdrawal capacity, and environmental requirements at the river basin, country, and 
regional levels.  
 
3.5.2 The GTAP-W Model 
 
In order to assess the systemic general equilibrium effects of alternative strategies of 
adaptation to climate change in Sub-Saharan Africa, we use a multiregional world CGE 
model, called GTAP-W. The model has 16 regions and 22 sectors, 7 of which are in 
agriculture.  The model is the first general equilibrium model capable of realistically 
analyzing the impacts of climate change on water and food supply and demand and 
welfare. 
 
3.5.3 Climate Change Scenarios 
 
In this analysis, we use the intermediate growth B2 scenario from the Special Report on 
Emission Scenario (SRES) scenario family (IPCC 2000) for the baseline projections out to 
2050. The effects of temperature and CO2 fertilization on crop yields are based on 
simulations of the IMAGE model (Bouwman, Kram, and Klein Goldewijk 2006). Recent 
research findings show that the stimulation of crop yield observed in the global Free Air 
Carbon Enrichment (FACE) experiments fell well below (about half) the value predicted 
from chambers (Long et al. 2006). These FACE experiments clearly show that much 
lower CO2 fertilization factors (compared with chamber results) should be used in model 
projections of future yields. Therefore, we apply 50 percent of the CO2 fertilization 
factors from the IMAGE model simulation in IMPACT (Rosegrant, Fernandez, and Sinha 
2009). 
 
4. OUTPUT 1: CHARACTERIZATION OF VULNERABILITY AND 
ADAPTIVE CAPACITY WITH LOCAL PARTNERS AND 
STAKEHOLDERS 
4.1 Methods  
 
Approaches to vulnerability assessment attempt to explore questions about whom and 
what are vulnerable, to what are they vulnerable, their degree of vulnerability, the 
causes of their vulnerability, and what responses can lessen their vulnerability. However, 
defining criteria for quantifying vulnerability has proven difficult, in part because 
vulnerability is often not a directly observable phenomenon (Downing et al. 2001). 
Despite the many challenges that exist in quantifying vulnerability, several quantitative 
and semi-quantitative metrics have been proposed and applied.  
 
These may be classified into two main approaches: the indicator approach and 
vulnerability variable assessments. The indicator approach uses a specific set or 
combination of indicators (proxy indicators) and measures vulnerability by computing 
indices, averages or weighted averages for those selected indicators. Vulnerability 
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variable assessments measure and assess the vulnerability of selected variables to 
specific sets of stressors. Commonly used approaches include vulnerability as expected 
poverty (VEP), vulnerability as low expected utility (VEU) and vulnerability as uninsured 
exposure to risk (VER) (Hoddinott and Quisumbing, 2003). Both types of approaches 
were used here. The indicator approach was used to examine the distribution of 
vulnerability at the regional level in both countries and the vulnerability variable 
assessment was used at the basin level with the two study countries based on the 
household survey data collected.  
4.1.1 Indicator Approach 
The indicator approach used secondary data at the regional/province level. Using the 
IPCC’s definition of vulnerability and the conceptual framework outlined above, indicators 
were selected to represent the three components of vulnerability: exposure, sensitivity, 
and adaptive capacity (see also Figure 1.2). Further indicators were also selected 
through consultations with stakeholders in a workshop setting and the final set of 
indicators was determined based on data availability. 
 
In both Ethiopia and South Africa, exposure is represented by the predicted change in 
temperature and rainfall by 2050. Predicted change in temperature and rainfall by 2050 
is an indicator of the level of climate change to which regions are exposed. In Ethiopia, 
predicted changes in climatic variables (temperature and rainfall) for 2050 were taken 
from Hydrology Component for the GEF Project: Climate Change Impacts on Agriculture 
in Africa (Strzepek and McCluskey 2006). For South Africa, predicted changes in 
temperature and rainfall were obtained from the Climate Systems Analysis Group 
University at Cape Town. 
 
4.2 Results for Ethiopia 
 
Descriptive analysis of the data shows that farmers living in Amhara and Oromia are 
wealthier than those in the other regions in terms of the quality of the houses they own. 
The percentage of people owning radios is highest in Afar and lowest in Amhara. 
Livestock ownership is highest in Somali, due to the fact that most farmers in Somali are 
nomads and make their livelihoods mostly from livestock. Overall, a very small 
proportion of farmers in Ethiopia have access to nonagricultural income, gifts, and 
remittance, clearly indicating that agriculture is the main source of livelihood in the rural 
community. 
 
SNNP has the highest access to technology, as the percentage of farmers in this region 
are the highest in terms of proximity to insecticides, pesticides, fertilizer, and supplies of 
improved seeds. Farmers in Somali and Afar have the lowest access to supplies of 
inputs. Afar has the highest proportion of all-weather roads and health services; whereas 
Somali has the lowest proportion of health services and Amhara has the lowest 
proportion of all-weather roads. Food market is highest in SNNP and lowest in Somali 
and Amhara. Primary and secondary schools are relatively equally distributed across the 
regions, except for Somali, in which they are very low. Telephone services are highest in 
rural Afar and lowest in Benishangul Gumuz. Tigray has the highest proportion of 
microfinance and veterinary services, whereas Somali has the lowest proportion of both 
microfinance and veterinary services. Irrigation potential and literacy rates are highest in 
SNNP and Tigray, respectively. Irrigation potential and literacy rates are lowest in Afar 
and Somali, respectively.  
 
In terms of the frequency of drought and flood, Amhara has the highest frequency (even 
though the figures for Oromia and Somali are close), whereas Benishangul Gumuz and 
Afar experienced a lesser frequency of drought and flood over the past century. By 2050, 
the predicted change in temperature (increment) is highest for Afar and Tigray and 
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lowest for SNPP, whereas the change in precipitation is the highest for Somali and lowest 
for SNPP. 
 
Using the indicator approach, the results show that the net effect of adaptation, 
exposure, and sensitivity is positive for SNNP and Benishangul Gumuz and negative for 
Afar, Amhara, Oromia, Somali, and Tigray. This indicates that SNNP and Benishangul 
Gumuz are relatively not vulnerable, whereas Afar, Amhara, Oromia, and Somali are 
vulnerable. The lesser vulnerability of SNNP is associated with its relatively higher access 
to technology and food markets, its highest irrigation potential, and its literacy rate. 
Afar, Somali, Oromia, and Tigray are the most highly vulnerable regions. Vulnerability of 
Afar and Somali is mainly associated with lower levels of regional development. Despite 
the fact that these regions are less populated than the other regions, the percentage of 
people with access to institutions and infrastructure remains very low. 
 
 
Figure 4: Vulnerability indices of the seven regional states of Ethiopia 
 
The vulnerability of Oromia is associated with a high frequency of droughts and floods 
and lower access to technology, institutions, and infrastructure. Similarly, the 
vulnerability of Tigray is attributed to lower access to technology, health services, food 
markets, and telephone services and the high frequency of drought and flood. Unlike 
Afar and Somali, the lower access to technology, institutions, and infrastructure in Tigray 
and Oromia is due to their high population in proportion to what is available. 
4.3 Results for South Africa 
 
The data for South Africa also show a vast diversity in terms of environmental and socio-
economic conditions. The coastal provinces of KwaZulu Natal, the Eastern Cape and the 
Western Cape show the highest frequency of extreme events (droughts/floods) over the 
last century. The highest incremental increase in temperature by 2050 is found in the 
desert region of the Northern Cape and the steppe arid regions of Free State and 
Mpumalanga, whereas changes in rainfall are predicted to be greatest in the Gauteng 
and North West provinces.  
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Concerning the sensitivity indicators, 65 percent of the crop area in the Northern Cape 
(the desert region) is irrigated. The regions showing the highest levels of soil and veld 
degradation are the Eastern Cape, KwaZulu Natal and Limpopo. The Western Cape and 
Limpopo are the most diversified regions; in these areas, 5 or 6 different types of crops 
occupy around 70 percent of the crop land. The most populated rural areas are the 
Eastern Cape, KwaZulu Natal, Mpumalanga and North West, where small farmers 
comprise more than 70 percent of the farming population. The most developed provinces 
are Gauteng and the Western Cape, which have infrastructure index scores of 2.95 and 
2.92, respectively. They also have the highest literacy rates and lower unemployment 
rates. In contrast, the Eastern Cape and Limpopo have the highest share of agricultural 
GDP, the lowest average value of farm assets, the lowest literacy rate, and the highest 
unemployment rate. 
 
The indicator analysis shows that Western Cape and Gauteng, the most developed 
provinces, have low vulnerability indices. Provinces with medium vulnerabilities are Free 
State, the Northern Cape, Mpumalanga and North West. The three most vulnerable 
provinces are the Eastern Cape, KwaZulu Natal and Limpopo. The low vulnerabilities of 
the Western Cape and Gauteng are associated with high levels of infrastructure 
development, high literacy rates, and low shares of agricultural GDP. The most 
vulnerable regions are those with more small-scale farmers, high dependence on rainfed 
agriculture, high land degradation, and populated rural areas where most people rely on 
agriculture for their livelihoods. 
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Figure 5: Overall vulnerability indices across the farming provinces in South 
Africa 
 
5. IDENTIFICATION OF THE DETERMINANTS OF ADAPTIVE 
CAPACITY WITH PARTNERS AND STAKEHOLDERS 
5.1 Methods 
 
Farmers’ decisions to adjust their farming practices are influenced by a number of 
factors in addition to the climate stimulus. Therefore, this analysis used econometric 
methods to investigate the influence of various factors on farmer’s decision to adapt. 
These factors include individual and household characteristics, socioeconomic status, 
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farm characteristics, and contextual factors (such as access to extension and credit and 
distance from markets).  
 
Several methods were used to analyze the influence these factors have on the decision 
to adapt to perceived climate changes across both countries. A multinomial logit (MNL) 
was used to analyze the factors influencing multiple adaptation decisions (i.e. the choice 
of adaptation method). The results of the MNL show the expected change in probability 
that farmers will chose a particular adaptation measure with respect to a one unit 
change in an independent variable, holding all other factors constant.  In other words, 
the results show the influence of various factors on farmers’ decisions to adopt certain 
adaptation measures compared to those that chose not to adapt.  
 
In both countries, the most common adaptation measures (discussed above) were used 
as the adaptation options from which farmers could choose (the dependent variable). 
Similar adaptation responses were grouped together to simplify the dependent variable 
into the main options employed by farmers. Thus, the adaptation variable used for the 
analysis contains fewer choices than those reported by farmers. In addition, the two 
adaptation responses—to perceived temperature and rainfall changes—were combined 
into one variable for the analysis. In the case of Ethiopia, the main adaptation choices 
were use of soil conservation techniques, change of crop variety, change in planting 
dates, planting trees, and irrigation. In South Africa, the adoption of new crop varieties, 
different crops, and multi-cropping and mixed crop-livestock farming systems were 
grouped in the same category, labeled “portfolio diversification.” Indeed, these three 
choices are closely related because they are intended to spread risk. Also, intensification 
of irrigation and water harvesting were grouped into the same category, irrigation, 
because both are related to the use of water for the purpose of increasing productivity 
and withstanding rainwater shortages. After grouping, the dependent variable for the 
MNL included the following adaptation options: portfolio diversification, irrigation, 
changing planting dates, changing the amount of land under cultivation, supplementing 
livestock feeds, and other. The “other” category includes adaptations options reported by 
less than 1 percent of farmers including soil conservation techniques, and chemical 
treatments that are labor-intensive. 
 
Using the MNL model to analyze adaptation gives rise to a sample selectivity problem 
because only those who perceive climate change will adapt. Considering that adaptation 
to climate change involves first perceiving changes in climate and then deciding whether 
to adapt, the two-stage Heckman Probit model is also used. This model examines both 
the likelihood that farmers perceive any change in the climate as well as the likelihood 
that farmers adapt to these perceived changes. The dependent variable for the selection 
equation is binary indicating whether or not a farmer perceives climate change. The 
dependent variable for the outcome equation is also binary indicating whether or not a 
farmer responded to the perceived changes by adapting farming practices. The same 
explanatory variables used for the MNL are used in the outcome equation. 
 
Farmers’ risk perceptions may also play an important role in their choice of adaptation 
strategy. Therefore, an analysis of the impact of different soil and water conservation 
(SWC) technologies on the variance of crop production in Ethiopia was conducted to 
determine the risk implications of these technologies in different regions and rainfall 
zones using the Just and Pope parametric approach. (Data were not conducive to a 
similar analysis for South Africa.) This approach allows yield-enhancing inputs to have 
either a negative or a positive effect on the variance of yield (a measure of risk) by 
relating the variance of output to explanatory variables in a multiplicative 
heteroskedastic regression model. The econometric analysis followed the Just and Pope 
approach by using the Cobb-Douglas production function and the three-stage FGLS 
procedure. The analysis is implemented at the plot level because the focus of the study 
is on SWC technologies that were observed at the plot level and our dependent variable 
was also measured at the same level. This level of analysis is advantageous because it 
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captures more spatial heterogeneity and also helps to control for plot-level covariates 
that condition crop production and hence help to minimize the omitted variable bias that 
would confound household-level analysis. 
 
The dependent variable for the Cobb-Douglas specification was expressed as value of 
crop production per hectare, which is a better representation than yield because some 
plots had intercropping with more than one crop, making estimation of single crop-
production functions difficult. Although the focus of this study is on SWC technologies, a 
number of explanatory variables that would be correlated with the observed plot-level 
crop outputs were controlled for. The explanatory variables (X) included both plot-level 
and household-level covariates. The plot-level covariates included plot area, biophysical 
characteristics (e.g., soil type, fertility status, slope, and soil depth), inputs used on the 
plot (e.g., draft power, fertilizers, purchased seeds, own seeds, family labor, and hired 
labor), land management practices used on the plot (e.g., manure and compost), and 
land investments on the plot (e.g., soil bunds, stone bunds, waterways, trees, contours, 
and irrigation). Household-level covariates included characteristics of the household head 
(sex, age, education). An interaction term between improved seed, fertilizer, and 
irrigation was included to examine the complementarity between these technologies and 
in which niches they would have high payoffs. For the full-sample estimations, regional 
fixed effects were included to control for unobserved time-invariant characteristics that 
might be correlated with the dependent variable, which also mitigates the omitted 
variable bias problem.  
5.2 Results for Ethiopia 
MNL Results 
 
The results (presented in Table 4) show that a number of household and individual 
characteristics influence the propensity of farmers to adopt adaptation measures. In 
particular, education significantly increases the likelihood that farmers use soil 
conservation techniques and change planting dates as an adaptation method: a one unit 
increase in number of years of schooling results in a 1 percent increase in the probability 
of soil conservation and a 0.6 percent increase in likelihood that farmers change planting 
dates.  
 
For most of the adaptation methods, increasing household size did not significantly 
increase the probability of adaptation, though the coefficient on household size is 
positive.  While the results regarding household size are not statistically significant, it 
can be inferred having additional household labor facilitates adaptation. The results also 
indicate that male-headed households adapt more readily to climate change.  Male-
headed households were 7.6 percent more likely to plant trees and 2.4 percent more 
likely to change planting dates. However, these results should be treated cautiously 
given that the vast majority of farm households in the survey (90 percent) were male-
headed, indicating there is little variation in the data. 
 
Age of the household head, which, in the case of Ethiopia also represents experience in 
farming, affected adaptation to climate change. A one year increase in age of the 
household head results in a 9 percent increase in the probability of soil conservation, a 
12 percent increase in likelihood of changing of crop varieties, and a 10 percent increase 
in the probability of tree planting.  
 
In terms of the influence of socioeconomic factors, the results also suggest that 
wealthier households are more likely to adapt to climate change. Farm income has a 
positive and significant impact on the likelihood that farmers conserve soil, use different 
crop varieties, and change planting dates. In addition to farm income, nonfarm income 
also significantly increases the likelihood of planting trees, changing planting dates, and 
using irrigation as adaptation options. However, nonfarm income showed a negative 
relationship with the adoption of soil conservation practices and the use of different crop 
Objectives CPWF Project Report 
Page | 17 
varieties, although these results are not statistically significant. This suggests that off-
farm activities may compete for time with farming activities. While this study focused on 
adaptation in terms of farming activities, movement away from farming into other 
economic sectors is also an option many farmers may choose to adapt to climate 
change. The ability of farmers to shift away from agriculture, however, depends on the 
availability of work in other sectors. 
 
The ownership of livestock is also positively related to most of the adaptation options, 
even though the marginal impacts are not statistically significant. It is positively related 
to the adoption of adaptation methods such as conserving soil, planting trees, and 
changing planting dates. Livestock ownership is negatively related to the use of different 
crop varieties and irrigation, although not significantly. 
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Table 4. Marginal effects from the multinomial logit climate change adaptation model, Nile River Basin 
 
Soil Conservation Crop varieties Planting trees Changing planting 
date 
Irrigation Explanatory 
variables 
Coeff. P-level Coeff. P-level Coeff. P-level Coeff. P-level Coeff. P-level 
Education  0.010* 0.066 0.007 0.321 0.008 0.144 0.006** 0.013 0.002 0.123 
Household size 0.005 0.412 0.004 0.647 0.007 0.293 -0.006* 0.074 0.001 0.385 
Gender of 
household head 
0.088*** 0.004 0.116** 0.019 0.096*** 0.005 0.022 0.304 0.008 0.346 
Age of household 
head  
-0.0001 0.9010 -0.0006 0.6990 0.0046**
* 
0.000 0.001 0.350 0.0006* 0.0880 
Farm income 4.46E-06* 0.0720 1.09E-
05*** 
0.0000 -5.44E-
6** 
0.0400 3.36E-
06*** 
0.000 1.00E-
06** 
0.0490 
Nonfarm income -2.5E-05 0.2940 -4.84E-06 0.8650 3.83E-
05** 
0.0310 1.34E-
05** 
0.049 4.22E-06 0.1810 
Livestock ownership 0.070 0.184 -0.030 0.781 0.027 0.6930 0.012 0.670 0.099 0.155 
Extension on crop & 
livestock 
0.011 0.743 0.072 0.129 0.181*** 0.000 -0.009 0.659 0.011 0.318 
Information on 
climate change 
-0.042 0.201 0.176*** 0.001 -0.031 0.346 0.022 0.306 0.017 0.201 
Farmer-to- farmer 
extension 
0.021 0.525 0.113** 0.017 0.120*** 0.002 0.025 0.256 0.013 0.204 
Credit availability 0.129*** 0.002 -0.008 0.848 -0.019 0.564 0.038* 0.099 0.038** 0.039 
Number of relatives 
in got 
0.0005 0.483 0.001 0.192 -0.0004 0.640 0.0004 0.353 -2.7E-05 0.860 
Local agro- ecology 
kola 
0.089* 0.055 -0.210*** 0.000 -0.128*** 0.000 -0.013 0.439 -0.023** 0.014 
Local agro- ecology  
Dega 
0.050 0.208 0.049 0.320 -0.069** 0.036 0.045 0.181 -0.013 0.117 
Temperature 0.026** 0.011 0.055*** 0.001 -0.011 0.475 0.012** 0.035 0.006* 0.077 
Precipitation -0.004** 0.000 -0.003*** 0.000 -0.0004 0.394 0.001** 0.020 -0.0004** 0.020 
Notes: ***, **, * = significant at 1%, 5%, and 10% probability level, respectively. 
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Rural services and institutions also have a significant effect on farm-level adaptation to 
climate change. As expected, access to crop and livestock extension services increases 
the likelihood of adaptation; specifically it increases the probability that farmers plant 
trees by 18 percent. Planting trees counteracts different types of environmental damage 
and provides shade for livestock. Having access to information on temperature and 
rainfall also has a significant and positive impact on the likelihood of adaptation; it 
increases the likelihood of using different crop varieties by 17.6 percent. Access to credit 
has a positive and significant impact on the likelihood of using soil conservation, 
changing planting dates, and using irrigation.  
 
In Ethiopia, social capital also appears to play an important role in adaptation. Having 
access to farmer-to-farmer extension increases the likelihood of using different crop 
varieties by 11.3 percent and planting trees by 12 percent. It also appears to increase 
the use of the other adaptation methods, although the results are not statistically 
significant. Moreover, having more relatives in the area (GOT) is also positively related 
to the likelihood of adoption of most of the adaptation methods, although the coefficients 
are not statistically significant. The implication of this result is that social networks 
increase awareness and use of climate change adaptation options. 
 
Environmental factors also influence the likelihood that farmers will adapt to perceived 
climate changes. Farmers living in different agroecological zones of Ethiopia employ 
different adaptation methods. For instance, farming in the kola zone significantly 
increases the probability of soil conservation by 8.9 percent, compared with farming in 
weynadega. However, farming in kola significantly reduces the probability of using 
different crop varieties, planting trees, and irrigation by 21, 13 and 2.3 percent, 
respectively, compared with farming in weynadega. Moreover, farming in dega 
significantly decreases the probability of planting trees by 7 percent, compared with 
farming in weynadega.  
 
Households with higher annual mean temperature over the survey period were more 
likely to adapt to climate change through the adoption of different practices. A rise in 
temperature one degree higher than the mean increases the probability of using soil 
conservation (by 2.6 percent), different crop varieties (by 5.5 percent), irrigation (by 0.6 
percent), and changing planting dates (by 1.2 percent). These results indicate that, with 
more warming, farmers will rely on soil and water conservation and agronomic 
techniques to preserve soil quality and maintain yield levels. In particular, changing 
planting dates ensures that critical crop growth stages do not coincide with peak 
temperature periods and irrigation to supplement rain water and to compensate for loss 
of water associated with increased evapotranspiration due to increased temperature.  
 
Unlike rising temperatures, higher levels of precipitation over the survey period reduce 
the likelihood of adaptation. This indicates that increasing precipitation relaxes the 
constraints imposed by increased temperature on soil moisture content and crop growth. 
Conversely, the results of this analysis suggest that decreasing precipitation significantly 
increases the likelihood that farmers will use soil conservation, change crop varieties, 
change planting dates, and irrigate their crops.   
 
5.2.1 Heckman Probit Results for Ethiopia 
 
The results indicate that most of the explanatory variables affect the probability of 
adaptation as expected, except farm size. Variables that positively and significantly 
influence adaptation to climate change include education of the head of household, 
household size, and gender of the head of household, livestock ownership, extension on 
crop and livestock production, and availability of credit and temperature. A one- year 
increase in the education of the head of household raises the probability of adaptation to 
climate change by 1.9 percent. Similarly, increasing the size of the household by one 
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person increases the probability of adaptation to climate change by 1.8 percent. This 
result is in line with the argument assuming that large family size is normally associated 
with a higher labor endowment, which would enable a household to accomplish various 
agricultural tasks, especially during peak seasons (Croppenstedt et al. 2003).  
 
Male-headed households are 18 percent more likely to adapt to climate change. This 
result is in line with the argument that male-headed households are often considered to 
be more likely to get information about new technologies and take on risk than female-
headed households (Asfaw and Admassie 2004). Likewise, increasing livestock 
ownership, providing extension on crop and livestock production and access to credit, 
and increasing temperature by one degree increases the probability of adapting to 
climate change by 31, 30, 13 and 5.5 percent, respectively.  The fact that adaptation to 
climate change increases with higher temperatures is in line with the expectation that 
increasing temperature is damaging to African agriculture and farmers respond to this 
through the adoption of different adaptation methods (Kurukulasuriya and Mendelsohn 
2006).  
 
Farm size and annual average precipitation are negatively related to adaptation. The 
probable reason for the negative relationship between adaptation and farm size could be 
because adaptation is plot specific. This means that it is not the size of the farm, but the 
specific characteristics of the farm that dictate the need for a specific method of adapting 
to climate change.  Thus, future research, which accounts for farm characteristics, could 
reveal more information about factors dictating adaptation to climate change at farm or 
plot levels. Moreover, the probable reason for the negative relationship between average 
annual precipitation and adaptation could be due to the fact that, like any African 
country, Ethiopia’s agriculture is water- scarce, and higher levels of precipitation, 
therefore, will not constrain agricultural production and promote the need to adapt (at 
least using the main adaptation options considered in this study).  
 
As expected, the likelihood of perceiving climate change is positively related to age, farm 
income, and information on climate, farmer-to-farmer extension, and the number of 
relatives in got.  Increasing the age of the household head by one year increases the 
probability of perceiving a change in climate by 0.4 percent, whereas increasing farm 
income by one unit increases perception by 0.13 percent.  Likewise, factors that are 
believed to create awareness of climate change, such as access to information on climate 
change, access to farmer-to-farmer extension, and number of relatives in the got, 
increase the likelihood of adaptation by 8.0, 15.5, and 0.3 percent, respectively.  
 
Contrary to prior expectations, farmers living in dega (highlands) were 15.5 percent 
more likely to perceive changes in climate than farmers in weynadega. The model results 
along with the marginal impacts for both the outcome and selection models are 
presented in Table 5.  
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Table 5.  Results of the Heckman probit selection model, Ethiopia 
Explanatory variables Estimated coefficients 
outcome equation: 
adaptation model 
Estimated 
coefficients 
selection equation: 
perception model 
Education  0.061** 0.021 
Household size 0.058*   
Gender of household head 0.580***   
Age of household head    0.018*** 
Farm income   5.66E-05*** 
Nonfarm income 0.000149 -1.10E-05 
Livestock ownership 1.012***   
Extension on crop & livestock 1.024***   
Information on climate change   0.372** 
Farmer-to-farmer extension   0.707*** 
Credit availability 0.479***   
Number of relatives in got   0.011** 
Farm size in hectares -0.140**   
Distance to output market -0.053   
Distance to input market 0.075   
Local agroecology kola   0.047 
Local agroecology dega   0.849*** 
Temperature 0.178***   
Precipitation -0.012***   
Constant -3.67 0.821*** 
Total observations 608   
Censored  126   
Uncensored 482   
Wald Chi square (Zero slopes) 86.45***   
Wald Chi square  10.84 ***   
Notes: ***, **, * = Significant at 1%, 5%, and 10% probability levels, respectively 
 
5.2.3 Risk Implications of Soil and Water Conservation Technologies in Ethiopia 
 
Using historical rainfall data at the woreda level from 1951 to 2000, woredas were 
classified into high and low rainfall categories. All the woredas in the Tigray and SNNPR 
regions in the sample fell into the low-rainfall quantile, while those in Amhara, Oromiya, 
and BG regions fell into both the low- and high-rainfall quantiles. As expected, Tigray 
appears to be the driest region among the five, and Oromiya had the highest average 
rainfall from 1951 to 2000. 
 
Typical SWC technologies used in Ethiopia include soil bunds, stone bunds, grass strips, 
waterways, trees planted at the edge of farm fields, contours, and irrigation (chiefly 
water harvesting). Both soil and stone bunds are structures built to control runoff, thus 
increasing soil moisture and reducing soil erosion. Considering it is costly to protect wide 
areas of land with soil and stone bunds and difficult to construct continuous bunds, 
alternative methods of erosion control are being employed as well, including grass strips 
and contour leveling, sometimes with trees or hedgerows. Grass strips reduce runoff 
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velocity, allowing for water to infiltrate and trap sediments. Waterways help to direct 
precipitation flows along specified pathways in farm fields. Water-harvesting structures 
include dams, ponds, and diversions to ensure water availability during the dry season.  
 
Interestingly, soil bunds (63 percent) are highest on plots in the drier Tigray region than 
in any other region, waterways are most common on plots in the BG region (55 percent), 
and trees are most reported in the SNNPR region. Overall, by region, the most common 
SWC investments are as follows: Tigray, soil bunds and stone bunds; Amhara, 
waterways and stone bunds; Oromiya, soil bunds and waterways; BG, waterways; and 
SNNPR, trees. Further, descriptive analysis in Plots in low-rainfall areas have 
disproportionately more stone bunds and soil bunds than plots in high-rainfall areas, and 
those in high-rainfall areas have more waterways and irrigation. It might appear 
surprising that irrigation is more prevalent on plots in high-rainfall areas than in low-
rainfall areas. However, irrigation requires a minimum amount of rainfall or more costly 
structures in low-rainfall areas. This descriptive evidence shows a clear spatial 
heterogeneity in Ethiopia in the use of SWC technologies, suggesting that different SWC 
investments perform differently in different regions and agro-ecological niches.  
 
All SWC technologies considered in this study (stone bunds, soil bunds, grass strips, 
waterways, trees, and contours) showed positive and highly significant impacts on crop 
output in the low-rainfall areas, but only waterways and trees showed strong and 
significant positive effects in high-rainfall areas (Table XX). The finding that soil and 
stone bunds only show significant positive mean impacts on crop production in low-
rainfall areas supports the descriptive evidence that these technologies were observed 
more often on plots in low-rainfall areas and is consistent with previous studies in 
Ethiopia (Kassie et al. 2008; Bekele 2005; Gebremedhin et al. 1999). Another 
interesting result from the mean functions is that grass strips showed the largest 
significant production elasticity among the SWC technologies only in the low-rainfall 
areas, which supports the empirical finding by Shiferaw and Holden (2001) in their 
economic analysis of soil conservation in Ethiopia. 
 
Although most of the SWC technologies showed significant positive effects on crop yields 
in low-rainfall areas, surprisingly only soil bunds have a significant risk-reducing effect. 
This explains why almost 30 percent of the plots have these investments and why other 
interventions that also have high positive impacts on yield in these low-potential areas 
are less common. In high-rainfall, high-agricultural potential areas, most of the SWC 
technologies considered in this study have significant risk-reducing effects. Soil bunds, 
stone bunds, grass strips, waterways, and contours all reduce yield variability and hence 
are risk-reducing in high-rainfall areas.  
 
Although both traditional and improved seeds show significant positive effects on 
increasing average crop production in both low- and high-rainfall areas, they have 
different effects on the variance of crop production. Traditional seed is risk reducing in 
both low- and high-rainfall areas, while improved seed is only significantly risk reducing 
in high-rainfall areas. These results suggest that soil bunds and traditional seeds would 
be appropriate strategies to adapt to climate change in low-rainfall areas. Improved 
seeds, traditional seeds, stone bunds, soil bunds, grass strips, waterways, and contours 
all appear to be promising adaptation strategies in high-rainfall areas. 
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Table 6: Effects of soil conservation structures on mean and variance of 
crop production by rainfall regimes, mean function, and variance 
function estimates 
Variable Low-rainfall areas High-rainfall areas 
Plot characteristics 
Mean 
function 
Variance 
function 
Mean 
function 
Variance 
function  
Use irrigation 0.041 1.091 -0.253*** 0.103 
Log plot area -0.604*** 0.05 -0.592*** -0.118 
Log draft power 0.151*** -0.135 0.144*** -0.244*** 
Soil color (cf. clay) 
Sand -0.108 0.057 -0.08 0.191 
Dark -0.127** 0.115 0.09 0.019 
Red -0.107* 0.174 0.155*** 0.180** 
Other -0.633*** 0.244 -0.365 2.238 
Dark red -0.098 -0.1 -0.063 0.247 
Brown -0.036 -0.014 0.084 -0.431 
Soil fertility (cf. high) 
 Moderate -0.169*** -0.027 -0.110*** 0.127* 
 Infertile -0.043 -0.260** -0.228*** 0.174* 
Soil slope (cf. flat)         
Moderate 0.034 -0.105 -0.066* 0.131** 
Steep -0.079 -0.02 0.022 0.245 
Soil depth (cf. shallow) 
Deep 0.193*** -0.14 -0.011 0.051 
Moderate 0.130** -0.062 0.082 -0.039 
Land investments 
Soil bund 0.122** -0.211** 0.076 -0.308*** 
Stone bunds 0.177*** -0.15 0.123* -0.342** 
Grass strips 0.334*** -0.04 0.147 -0.561*** 
Waterway 0.195*** 0.081 0.187*** -0.402*** 
Trees -0.073 -0.086 0.298*** -0.135 
Contour 0.237* 0.117 -0.044 -0.321** 
Other 0.038 -0.887** -0.107 -0.362 
Land management practices 
Log urea 0.023* -0.015 0.034*** -0.045*** 
Log dap -0.001 0.018 0.030*** 0.012 
Log manure 0.018** -0.026* 0.01 -0.012 
Log compost -0.011 0.025 0.032** 0.007 
Log traditional seed 0.286*** -0.116** 0.201*** -0.158*** 
Log improved seed 0.212*** -0.033 0.190*** -0.132*** 
Fertilizer*seed*irrigation -0.073 0.160* 0.016*** 0.004 
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Variable Low-rainfall areas High-rainfall areas 
Plot characteristics 
Mean 
function 
Variance 
function 
Mean 
function 
Variance 
function  
Labor endowments 
Log family men 0.085*** 0.059 0.114*** -0.034 
Log family women 0.045*** -0.071* -0.037** 0.125*** 
Log family child -0.009 0.060** -0.047*** 0.005 
Log hired men 0.026 0.123*** 0.037** 0.036 
Log hired women 0.056* 0.084 -0.002 -0.05 
Log hired child 0.167*** -0.367*** -0.152 0.156* 
Household factors 
Sex household head 
(1=female) 
-0.041 0.019 0.053 -0.148 
Log education years of 
head 
-0.048 -0.042 -0.113** -0.017 
Log age household head -0.181*** 0.639*** -0.205*** 0.063 
Regions (cf. Tigray) 
Amhara -0.314*** 0.151 -0.641*** 0.088 
Oromiya -0.064 -0.317*** -0.698*** -0.135* 
BG 0.343*** -0.374* 0 0 
SNNPR -0.106 -0.477*** 0 0 
_cons 4.435*** -1.063 5.442*** 0.899** 
  
N 2847 2847 2826 2826 
 
The effects of SWC technologies vary not only by high- and low-rainfall areas, but also 
by region within those areas within Ethiopia’s Nile Basin. The results show that soil 
bunds are risk reducing in the low-rainfall areas of Amhara and Oromiya, and that stone 
bunds are significantly risk reducing in low-rainfall areas of SNNPR. SNNPR is the only 
region in which grass strips, waterways, and trees are risk reducing in low-rainfall areas. 
Irrigation shows no significant ris-reducing effect in the low-rainfall areas of any region. 
 
The results for high-rainfall areas show that soil bunds are risk increasing in Oromiya 
and BG, while all other technologies tend to reduce production risk. Stone bunds are risk 
reducing in Amhara and Oromiya; grass strips are risk reducing in Amhara, Oromiya, 
and BG; waterways are risk reducing in Amhara and BG; trees are risk reducing in 
Amhara and BG; and contours are risk reducing Amhara. Irrigation has risk-reducing 
effects in BG. 
 
To check for robustness of the results, the estimation was re-run controlling for major 
crop type on the plot. The results appeared qualitatively very robust. The only difference 
was that after controlling for major crop type, irrigation had a significant risk-increasing 
effect in the low-rainfall areas of Tigray. The risk-increasing aspect of irrigation in low-
rainfall areas seems counterintuitive considering irrigation is intended to mitigate the 
adverse effects of low rainfall. However, the survey data contain no indicators regarding 
the quality of irrigation. If irrigation is based on small storage, as is the case for water-
harvesting structures in Tigray, then insufficient rainfall and droughts can prevent full-
control irrigation, and irrigation can actually be risk-increasing. Generally, studies on 
water harvesting have found mixed results for Ethiopia. Reasons for failure include poor 
technical design; lack of water, which could be stored in dry years; inappropriate and 
costly placement; and lack of community sensitization—some ponds were constructed 
under food-for-work programs and, despite appropriate design, abandoned after these 
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programs ended because social, economic, and management factors were inadequately 
integrated in the pond development system. 
 
Objectives CPWF Project Report 
 
Page | 26 
Table 8: Risk effects of soil conservation structures on crop production by region and rainfall regime, variance 
function estimates 
  Variance Function 
Variable Tigray Amhara Oromiya BG SNNPR 
Plot characteristics Low Low High Low High Low High Low 
Use irrigation 2.855 2.478 0.357 0.138 0.031 -2.601 -0.442*** -0.122 
Log plot area 0.046 0.216 -0.113 0.023 -0.143* -0.319 -0.167 0.200*** 
Log draft power 0.022 -0.547 -0.605*** -0.122* -0.207*** 0.37 0.018 0.028 
Soil color (cf. clay) 
Sand -0.085 0.051 0.197 0.24 -0.331* -0.405 -0.183 -0.347** 
Dark 0.055 0.273 0.042 -0.466 -0.119 -0.267 -0.47 0.029 
Red 0.069 0.482* 0.303*** -0.581** 0.032 -0.156 -0.464 0.097 
Other 0.485* -1.248** 1.582 0.126 0 0 0 0 
Dark red 0 -0.33 0.236 -0.345 0 0 -0.707* 0 
Brown 0 0.805 -0.426 0 0 0 0 0 
Soil fertility (cf. high) 
 Moderate -0.057 0.158 0.256*** 0.061 0.147 0.432 -0.035 -0.181** 
 Infertile -0.118 -0.186 0.243* 0.088 0.261** 0.113 0.041 0 
Soil slope (cf. flat) 
Moderate 0.006 -0.136 0.155* -0.044 -0.038 -0.552 0.13 -0.064 
Steep -0.219 -0.097 0.365 0.025 -0.032 -0.552 0.048 -0.001 
Soil depth (cf. shallow)                 
Deep -0.038 -0.035 0.101 0.194 -0.32 -0.474 0.311 -0.179** 
Moderate -0.005 -0.015 0.086 0.145 -0.391 -0.074 0.247 -0.123** 
Land investments 
Soil bund 0.135 -0.481* -0.174 -0.181* -0.306* 0.568 -0.471** 0 
Stone bunds -0.163 -0.024 -0.418** 0.061 -0.387* 0.717 0 -0.262** 
Grass strips -0.087 0 -0.777*** -0.166 -0.446** 0.880** -0.520*** -0.257*** 
Waterway 0.083 0.132 -0.477*** 0.155 -0.1 0.63 -0.328** -0.260* 
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Trees 0.978** -0.259 -0.659*** 0.64 -0.017 0.131 -0.602*** -0.126* 
Contour 0 -0.815 -0.602*** 0.163 0.272 0.348 -0.176 0 
Other 0 -1.619 -0.219 -0.393*** -0.438* 0 -0.577* 0 
Land management practices 
Log urea -0.070** 0.147 -0.016 -0.034 -0.028 0.027 -0.017 0 
Log dap 0.065* -0.016 -0.034 -0.014 0.077*** 0.101 -0.011 -0.110*** 
Log manure -0.041*** 0.070* 0.011 -0.01 -0.028** -0.058 0.024 -0.009 
Log compost 0.061 -0.001 -0.001 -0.006 0 -0.021 -0.051 0 
Log traditional seed -0.125** -0.119 -0.161*** -0.061* -0.130*** -0.09 -0.119* -0.019 
Log improved seed -0.055 -0.016 -0.130** -0.025 -0.185*** 0.041 -0.108 -0.034 
Fertilizer*seed*irrigation 0.332*** 0 0.013 0.016 -0.004 0 0.037   
Labor endowments 
Log family men 0.170*** -0.016 -0.054 0 0.026 0.477 -0.042 0.101* 
Log family women 0.029 -0.260** 0.162*** 0.058 0.019 -0.493 0.029 -0.036 
Log family child 0.076 0.236*** -0.015 -0.128*** -0.051** -0.147 0.037 -0.083* 
Log hired men 0.132** 0.109 0.02 0.092** 0.134* -0.513 0.04 -0.176*** 
Log hired women 0.007 -0.028 -0.071 0.201** -0.339*** 0.601 -0.003 0 
Log hired child 0 -0.452** 0.002 -0.135 0.338*** -0.524 -0.279*** 0 
Household factors 
Sex household head(1=female) 0.148 -1.047*** -0.212 0.465*** 0.171 0.82 0.019 0 
Log education years of head -0.293*** 1.255*** -0.166 -0.383*** 0.021 0.212 0.196 -0.212*** 
Log age household head 0.514*** 2.460*** -0.280* 0.139 0.382*** 0.344 0.096 -0.052 
Lograin 0.11 1.216* -1.161 0.636 -0.788 33.916 -5.536 20.527* 
_cons -2.856 -12.807** 10.394* -4.366 5.537 -233.837 39.926 -141.556* 
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The results show that SWC technologies have significant impacts on reducing production 
risk in Ethiopia and could be part of the country’s climate-proofing strategy. It is likely 
that risk considerations are also an important factor influencing farmers’ decisions to 
adopt a particular technology or practice. The results also show that one-size-fits-all 
recommendations are not appropriate given the differences in agro-ecology and other 
confounding factors. Performance of these technologies is location specific, and 
therefore, programs aimed at promoting SWC measures as part of a strategy to adapt to 
climate change should acknowledge these differences. Farmers will be more likely to 
accept and implement practices that both increase their output and reduce their 
production risk. 
5.3 Results for South Africa 
 
5.3.1 MNL Results 
 
Similar to Ethiopia, the results for South Africa show that household and individual 
characteristics influence farm-level adaptation. Large households are more willing to 
choose “other” adaptation options (i.e. soil conservation techniques and chemical 
treatments). Surprisingly, the results suggested that education level and gender did not 
have a significant impact on the probability of choosing any adaptation technique. Rather 
it seems that farming experience is more important in facilitating adaptation to climate 
change. Farmers with more years of experience are more likely to use portfolio 
diversification, change planting dates, and change the amount of land under production 
as adaptation options. The results confirm the findings of Nhemachena and Hassan 
(2007) in a similar study of adaptation in the Southern Africa region. These findings 
suggest that experienced farmers, given their skills in farming techniques and 
management, are more likely to spread risk when faced with climate change by 
exploiting strategic complementarities between activities such as crop-livestock 
integration. 
 
Farm size is also shown to influence choosing irrigation as an adaptation measure. 
Indeed, large-scale farmers are more likely to adapt because they have more capital and 
resources. Therefore, they can easily invest in irrigation technologies, which demand 
high investment costs. Wealthier households are also more willing to adapt to climate 
change, specifically by changing their planting dates. However, the empirical results 
show that having access to off-farm sources of income increase the likelihood of buying 
feed supplements for livestock but decrease the likelihood that farmers change the 
amount of land under cultivation. This suggests that while having off farm sources of 
income may increase the probability that farmers will invest in farming activities it also 
appears that off-farm activities compete for on-farm managerial time to some extent 
(McNamara et al. 1991).  
 
As in the case of Ethiopia access to rural services and institutions increase the likelihood 
of adaptation at the farm level. The results indicate that extension messages emphasize 
risk spreading and farm-level risk management. Having access to extension increases 
the probability of choosing portfolio diversification by 4 percent. Given that land reform 
has increased the number of new emerging farmers with fewer skills and less access to 
information than experienced farmers, good quality extension services are greatly 
important in South Africa. 
 
Similar to the case of Ethiopia, access to credit increases the likelihood of adaptation. 
Indeed, 60 percent of survey respondents who did not adapt to perceived climate change 
cited lack of financial resources as the main constraint. The MNL results show that access 
to credit increases the likelihood that farmers will take up portfolio diversification and 
buy feed supplements for their livestock. Having access to credit indeed increased the 
likelihood of choosing portfolio diversification by 3 percent. In addition, having secure 
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property rights increases the probability that farmers will adapt by changing the amount 
of land under cultivation or adopting other adaptation options (including soil 
conservation).   
 
In terms of biophysical factors, the results show that households living in regions with 
high temperatures have an increased likelihood of adapting. These households are more 
likely to choose portfolio diversification, intensify irrigation, and change their planting 
dates. A decrease in rainfall is likely to push farmers to delay their planting dates. In 
addition, farmers claiming to have highly fertile soil are more likely to change the 
amount of land under cultivation. 
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Table 9. Results marginal effects of the MNL adaptation model, Limpopo River Basin 
Portfolio 
diversification 
Irrigation Changed 
planting dates 
Changed 
amount of 
land 
Livestock feed 
supplements 
Other Explanatory 
variables 
Coeff. P 
value 
Coeff. P 
value 
Coeff. P 
value 
Coeff. P 
value 
Coeff. P 
value 
Coeff. P 
value 
Education -0.002 0.39 0.002 0.50 0.000 0.82 0.000 0.56 0.000 0.62 0.001 0.49 
Gender  -0.008 0.75 0.039 0.22 0.012 0.38 -0.003 0.54 0.005 0.41 -0.004 0.80 
Household size -0.002 0.60 0.006 0.25 0.000 0.94 0.000 0.79 -0.001 0.25 -0.004* 0.09 
Farming 
experience 
0.002*** 0.01 0.001 0.59 0.001** 0.03 0.001* 0.09 0.000 0.47 0.000 0.80 
Wealth -0.008 0.29 0.013 0.23 0.023*** 0.00 0.003 0.22 0.001 0.49 0.003 0.62 
Farm size 0.054 0.32 0.118* 0.09 0.003 0.91 0.008 0.58 -0.001 0.94 0.003 0.90 
Highly fertile 
soil 
0.034 0.21 0.031 0.39 -0.007 0.64 0.013* 0.10 0.008 0.32 -0.015 0.33 
Infertile soil -0.038 0.29 -0.017 0.73 0.009 0.70 0.018 0.30 -0.003 0.64 0.047 0.20 
Extension 0.043* 0.09 -0.008 0.80 0.014 0.30 0.005 0.35 0.002 0.73 -0.003 0.84 
Climate 
information 
-0.026 0.32 0.002 0.95 -0.011 0.43 0.003 0.60 -0.001 0.82 0.017 0.26 
Credit 0.036* 0.06 0.029 0.42 -0.001 0.93 -0.009 0.19 0.0145* 0.09 0.017 0.37 
Off-farm 
employment 
0.030 0.27 -0.005 0.88 0.001 0.96 
-
0.008* 
0.09 0.034*** 0.00 0.007 0.63 
Tenure 0.011 0.63 0.020 0.52 0.010 0.47 0.012* 0.10 -0.005 0.27 0.047** 0.02 
Latitude 0.040** 0.03 -0.021 0.12 -0.008* 0.10 0.007 0.14 -0.003 0.13 0.002 0.69 
Longitude -0.013 0.39 -0.002 0.91 0.018** 0.02 0.006 0.17 -0.004* 0.05 -0.005 0.52 
Rainfall 0.001 0.12 0.000 0.16 
-
0.0003** 
0.03 0.000 0.36 0.000 0.87 0.000 0.68 
Temperature 0.013** 0.04 0.014* 0.09 
-
0.011*** 
0.00 0.001 0.73 0.001 0.72 0.008* 0.07 
Notes: ***, **, * = significant at 1%, 5%, and 10% probability level, respectively. 
 
  Objectives CPWF Project Report 
Page | 31 
 
5.3.2 Heckman Probit Results for South Africa 
 
As shown in Table 12, access to water for irrigation, access to irrigation services, and 
living in Gauteng influence the likelihood of perceiving climate change. On the other 
hand, farming experience, farm size, soil fertility, access to extension, access to credit, 
land tenure status, and region influence the probability of adapting to climate change. 
 
As expected, experienced farmers are more likely to adapt. Likewise, farm size positively 
and significantly leads to an increase in the likelihood of adapting to climate change. 
Farmers’ perception of having highly fertile soil decreases the probability of taking up 
adaptation in response to changes in the climate. Access to extension services increases 
the likelihood of perceiving changes in climate as well as the likelihood of adaptation. 
This suggests that extension services help farmers to take climate changes and weather 
patterns into account and help advise them on how to tackle climatic variability and 
change. The results also show important regional variation. Farmers in Limpopo province 
are more likely to adapt compared with farmers in the other provinces. Indeed, in 
Limpopo, the population is largely rural (82 percent), and the main rural economic 
activity is agriculture. 
 
Table 10. Results of the Heckman probit model of adaptations behavior 
in the Limpopo River Basin 
Variables 
Estimated coefficients 
outcome equation: 
adaptation model 
Estimated coefficients 
selection equation: 
perception model 
Access to water for 
irrigation 
 -0.621*** 
Education -0.011 -0.012 
Gender 0.134 -0.088 
Farming experience 0.01*** 0.006 
Wealth 0.114 0.051 
Farm size 0.649*** -0.036 
High fertility of soil -0.142* -0.005 
Extension 0.179* 0.364*** 
Access to climate info -0.1 -0.115 
Credit 0.232* -0.0650 
Off-farm employment 0.127 0.0472 
Land tenure 0.268*** 0.0359 
Mpumalanga -0.006 -0.031 
Gauteng -0.603*** -0.527** 
North West -0.445*** -0.029 
Intercept -0.6615*** 1.83*** 
Wald test (zero slopes) 36.26***  
Wald test (independent 
equations) 
0.47  
Total observations 577  
Censored observations 43  
Note: *** significant at 1% level ** significant at 5% level * significant at 10% level 
5.4 Discussion and Comparison  
 
The results show that there are both similarities and differences regarding the factors 
that influence adaptation in South Africa and Ethiopia. Wealth, measured by the 
households’ ownership of key assets, is shown to be an important determinant of 
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adaptation in both countries. Access to formal sources of credit is also an important 
determinant of adaptation in both countries.  
 
Despite many similarities between the two countries, there are also important 
distinctions. Having access to larger land area and fertile soils are shown to be important 
determinants of adaptation in South Africa. In addition, number of years farming is also 
significant in the case of South Africa, suggesting that farmers with more experience are 
more likely to change their farming practices in response to perceived climate change. In 
Ethiopia, access to information on climate change and appropriate adaptation responses 
is important, whereas these factors are not significant in South Africa.  
 
Similarly, other studies have found that a number of factors discourage the uptake and 
use of climate information in the southern African region, including the type of 
information produced, the way in which it is presented, unequal access to information, 
and lack of attention to delivery processes (Vogel and O’Brien 2006). This suggests that, 
in South Africa, government agencies, NGOs, extension agents, and other actors should 
work harder to ensure that information on climate change and appropriate adaptation 
responses is presented in a useful and acceptable way, enabling farmers to reduce the 
risks posed by climate change. Better communication and coordination between relevant 
actors and end users would also strengthen delivery mechanisms and increase the 
likelihood of use of climate information. 
6. DEVELOPMENT OF INTEGRATED POLICY ANALYSIS WITH 
PARTNERS AND GLOBAL CHANGE ASSESSMENT AND SCENARIO 
ANALYSIS 
Global change assessments were undertaken to address the following questions: 
 
--Which Global Circulation Model is most appropriate for Sub-Saharan Africa? 
We identified appropriate GCMs for the region based on their relative performance 
regarding past prediction of temperature and precipitation at the level of 2o x 2o grid 
cells generated by a newly developed entropy-based downscaling model. For 
temperature, the GISS AOM of the Goddard Institute for Space Studies scores highest 
for Northern Africa and the IPSL CM4, Institute Pierre Simon Laplace, France, performs 
best for Central and Southern Africa. Results are less clear for precipitation. However, we 
find that for northern Africa GCM 14 (MRI CGCM2.3.2, Meteorological Research Institute, 
Japan) performs relatively well, GCM 13 (MPI ECHAM5, Max Planck Institute for 
Meteorology, Germany) for central Africa, and GCM 10 (IPSL CM4, Institute Pierre Simon 
Laplace, France) for southern Africa. 
 
What are the implications of climate change on water resources and irrigation in Sub-
Saharan Africa? 
A recently developed semi-distributed, global-scope hydrological model was linked to the 
existing water simulation model (WSM) of the International Model for Policy Analysis of 
Agricultural Commodities and Trade (IMPACT) developed at IFPRI. Using this integrated 
model the impacts of climate change on hydrology and irrigation water supply were 
analyzed in parts of the four riparian countries within the Limpopo River Basin.  
 
The WSM of IMPACT simulates water demand, supply, and reservoir storage regulation 
of water at food-producing units (FPUs). FPUs are at the scale below river basin and are 
the fundamental spatial unit for WSM. Long-term monthly effective precipitation, 
potential evapotranspiration, and internal renewable water resources are the 
hydrological drivers of WSM simulations, in addition to socioeconomic drivers such as 
population growth and economic growth that affect water demands. Climate change 
impacts are channelized to irrigation and crop production in the IMPACT model through 
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changes in the hydrological drivers under climate change scenarios (such as 
precipitation, runoff and crop-specific potential evapotranspiration).  
 
The Limpopo River Basin includes four FPUs, corresponding to the basin shares of the 
four riparian countries. Reservoir storage capacity, water diversion capacity, and basin 
irrigation efficiency are policy parameters that change over time to reflect investment in 
water infrastructure. For each FPU, the WSM simulates annually and seasonally how 
water supply meets demand using long-term (multi-decadal) monthly hydrology, 
projected water infrastructure capacities, and projected water demands of domestic, 
industrial, livestock and irrigation sectors, based on population and income growth, 
changes of irrigated areas, and improvement of water use efficiencies. The four FPUs 
within the Limpopo River basin are connected through upstream–downstream water 
transport. 
 
To assess the impacts of climate change on water availability and use in the Limpopo 
River Basin, we selected four greenhouse gas emission scenarios, namely A1FI, A2a, 
B1a, and B2a, from the scenario family in the IPCC Special Report on Emissions 
Scenarios (SRES). The scenario A family represents a future world with growth-focused 
policy objectives, while the B family represents eco-friendly policies. Scenario 1 
represents more globally integrated development, while scenario 2 is more geopolitically 
divided, representing regional-oriented growth. In particular, the A1FI scenario describes 
a fossil-fuel intensive future, with coal, oil, and gas continuing to dominate the energy 
supply for the foreseeable future (IPCC 2000).  
 
Climate projections by various general circulation models with these emission scenarios 
cover nearly the entire range of projected future global temperature changes (IPCC 
2000). For each of the four emission scenarios, simulated mean monthly changes of 
precipitation and temperature from the baseline period 1961–90 to the future period of 
2010-2039, were obtained from the IPCC Data Distribution Centre (http://www.ipcc-
data.org/). These future precipitation and temperature data were simulated by the UK 
Hadley Centre global climate model, HadCM3. We choose 1961-90 as baseline period 
because this is the current WMO normal period and is recommended by IPCC as baseline 
period for climate change impact and adaptation assessment (IPCC-TGICA 2007).  
 
The mean monthly changes of precipitation and temperature are downscaled to the 30 
arc-minute grid cells within the Limpopo River Basin and imposed onto gridded 30 arc-
minute monthly precipitation and temperature data of 1961–90 from the CRU TS2.1 
global climate database developed by the Climate Research Unit (CRU) at the University 
of East Anglia (Mitchell and Jones 2005). The original 1961–90 CRU climate data forms 
the baseline climate condition. The baseline climate data and the constructed climate 
change scenario data are used by the hydrological model to simulate the responses of 
evapotranspiration and water availability under the baseline and the four climate change 
scenarios. 
 
Results showed that water resources in the basin are already stressed under today’s 
climate condition. Projected water management and infrastructure improvements, 
including water use efficiency, storage and conveyance facilities, are expected to 
improve the situation by 2030 if current climate continues into the future. However, once 
climate change considerations are taken into account, future water supply conditions are 
expected to worsen considerably out to 2030. Assessing hydrological impacts of climate 
change is crucial given that expansion of irrigated areas has been postulated as one key 
adaptation strategy for Sub-Saharan Africa.  Such expansion will need to take into 
account changes in availability of water resources in African river basins. 
 
Another analysis focusing on green (precipitation-based) and blue (irrigation-based) 
water resource use in the Limpopo and Nile River Basins found that growing water 
scarcity in the Limpopo basin suggests a need for investment in technologies to enhance 
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both irrigated and rainfed crop yields. In the Nile River basin, on the other hand, 
irrigated crop productivities are fairly high and achieved with little complementary 
precipitation. In this basin, the focus needs to be on both an expansion of irrigated areas 
and improvement in rainfed crop productivity. 
 
What are the implications of climate change and climate variability on the Ethiopian 
economy and potential for poverty alleviation?  
 
The study assesses 20 global circulation models from the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change (2007) to project changes in water 
stress and flood events to 2050 compared with a 1990–2000 baseline period for three 
different emission scenarios, together with changes in CO2 concentration. Outputs from 
the projections are then translated into impacts on crop yield due to water constraints, 
flood damage, and fertilization effects. The study then uses a multimarket model—which 
enables an economywide, multi-sector, and multi-regional analysis of the Ethiopian 
economy under climate change for the period 2003–50—to analyze the effects of 
changes in water constraints, flood damage, and fertilization on economic indicators such 
as agricultural GDP growth, overall GDP growth, and the poverty rate.  
 
In order to compare projections with baseline conditions in the absence of climate 
change, the model incorporates new economic parameters for projected population 
growth and baseline economic growth to reflect recently updated observations. 
Importantly, the study examines the potential of an irrigation scheme recently proposed 
by the Ethiopian Ministry of Water Resources to buffer the effects of climate change.  
6.1 Negative Effect on GDP Growth 
 
The research community is still debating the effects of CO2 fertilization under climate 
change. Although CO2 can increase vegetative growth and biomass, a number of other 
factors like fertilizer availability must be in place for this potential to be realized. Results 
using the multimarket model show that CO2 fertilization is expected to increase the rate 
of agricultural GDP growth and that this may be further enhanced by the Ethiopian 
Ministry of Water Resources’ proposed irrigation development scheme.  
 
Projections from the global circulation modeling show increased annual mean rainfall and 
a resulting increase in evapotranspiration to the year 2050, although the magnitude of 
the variability in these parameters is larger than the change in mean values. The 
incremental variability of precipitation, which translates as fluctuating rainfall, reduces 
the availability of a stable water supply and increases the risk of floods. The frequency of 
low-probability extreme events is expected to increase as well. When these projections 
are translated into impacts on crop yields due to water constraints and flood damage, 
results from multimarket modeling indicate that only flood damage—mainly influenced 
by weather variability rather than changes in the means—has a significant depressing 
effect on agricultural and overall GDP growth.  
 
These results demonstrate that the negative impact on GDP growth actually stems from 
hydrological variability rather than water supply constraints per se. When the effects of 
all three climate factors are evaluated together, flood damage still drives the overall 
impacts. The difference between the three climate scenarios is minimal, with the worst 
conditions occurring for the scenario that embodies the most extreme climatic changes 
(Scenario A2). Implementation of the proposed irrigation scheme has a positive, but 
limited, buffering effect on agriculture GDP growth under climate change conditions for 
all three scenarios. The improvement is visible, but it does not change the main adverse 
impact of climate change on growth (Figures 5 and 6).  
 
Analysis of climate change impacts on five agriculture subsectors  that are important for 
smallholder subsistence farmers and pastoralists (including staple crops and livestock)—
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whether with or without the irrigation plan—shows that climate change is likely to have a 
direct negative effect on poverty rates.  
 
 
 
Figure 6. Simulations of GDP growth based on changes in water constraints, 
flood damage, and fertilization, without the proposed irrigation development 
scheme 
 
 
Figure 7. Simulations of GDP growth based on changes in water constraints, 
flood damage, and fertilization, with the proposed irrigation development 
scheme 
Note: The baseline scenario provides GDP projections without climate change. The worst effect on 
GDP growth is observed under Scenario A2, which corresponds to the most extreme climatic 
changes. 
6.2 Policy Implications 
 
In Ethiopia, climate change is expected to intensify the already high hydrological 
variability and frequency of extreme events (that is, droughts and floods). More than 
changes in mean annual rainfall, these two factors may have a significant negative effect 
on the development of the agricultural sector and on the Ethiopian economy as a whole. 
Droughts impair agricultural productivity and may lock subsistence farmers into poverty 
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traps, whereas recurrent flooding can have long-term negative consequences on 
agricultural GDP by directly damaging crops and by destroying roads, thereby 
exacerbating the inadequacy of transport infrastructure and consequently limiting access 
to markets. Omitting climate change impacts from future investment analyses will lead 
to suboptimal investment decisions. Analyses such as the one provide in this study can 
support decisionmaking by identifying development strategies that offer the highest 
resilience to future climate change. 
 
Based on the analysis, it appears that investments in multipurpose water infrastructure, 
such as reservoirs, detention ponds, and small dams, have a high potential to address 
increased hydrologic variability by increasing water storage and regulating water flows, 
while at the same time providing water for irrigation. The benefit of the Ethiopian 
government’s proposed irrigation development scheme could thus be further enhanced 
through a focus on multipurpose storage infrastructure in high-risk flood areas. 
 
Over time, the nonagricultural sector will increasingly dominate Ethiopia’s GDP growth, 
but most of the population will continue to depend on agriculture for survival. Given 
important concerns about the country’s wealth distribution and poverty levels—and given 
that agriculture is highly vulnerable to climate variability and change—Ethiopia should 
invest more in improving its agricultural sector. 
 
What then are implications of climate change on food production and food security? 
In order to analyze the impacts of climate change agricultural productivity in Sub-
Saharan Africa, a combination of a partial equilibrium model (IMPACT) and a general 
equilibrium model (GTAP-W) is used. The interaction between both models improves 
calibration and exploits their different capabilities. The IMPACT model is a partial 
agricultural equilibrium model that allows for the combined analysis of water and food 
supply and demand. Based on a loose coupling with a global hydrological modeling, 
climate change impacts on water and food are also analyzed. The GTAP-W model is a 
global computable general equilibrium (CGE) model that allows for a rich set of economic 
feedbacks and for a complete assessment of the welfare implications of alternative 
development pathways. While partial equilibrium analysis focuses on the sector affected 
by a policy measure assuming that the rest of the economy is not affected, general 
equilibrium models consider other sectors or regions as well to determine economy-wide 
effects; partial equilibrium models tend to have more detail. 
 
The results show that without specific adaptation, climate change would have a negative 
impact on agriculture in Sub-Saharan Africa. Total food production would fall by 1.6%, 
with heavy losses in sugarcane (-10.6%) and wheat (-24.1%). The number of 
malnourished children would increase by almost 2 million. Under a scenario of moderate 
climate change the world’s crop harvested area and food production would decrease by 
0.3 and 2.7 percent, respectively, by 2050. Both rainfed and irrigated harvested areas 
decrease in Sub-Saharan Africa under climate change, whereas rainfed production 
increases by 0.7 percent, and irrigated production drops by 15.3 percent. This sharp 
decrease in irrigated productivity occurs because some irrigated crops, such as wheat 
and sugarcane, are more susceptible to heat stress and as well as due to reduced 
availability of water for irrigation. Under climate change, only 4.4 percent of the total 
crop harvested area is expected to be under irrigation by 2050, whereas irrigated 
production is expected to constitute 12.1 percent of total agricultural production in the 
region by 2050. 
 
What are appropriate response options? 
 
This study used two different scenarios for adaptation to climate change in Sub-Saharan 
Africa, incorporating them into the combined PE-CGE model. The first adaptation 
scenario doubles the irrigated area in Sub-Saharan Africa, compared to the 2050 (SRES 
B2) baseline, but keeps total crop area constant in both models. The second adaptation 
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scenario increases both rainfed and irrigated crop yields by 25 percent for all countries in 
Sub-Saharan Africa. These scenarios are contrasted with the IMPACT 2050 baseline 
simulation, which incorporates the SRES B2 climate change scenario and a further 
scenario assuming no climate change. Model outputs, including demand and supply of 
water, demand and supply of food, rainfed and irrigated production and rainfed and 
irrigated area are then used in GTAP-W to calibrate a hypothetical general equilibrium in 
2050 for both simulations.  
 
Because of the relatively low share of irrigated areas in total agricultural areas in Sub- 
Saharan Africa, an increase in agricultural productivity achieves much larger benefits for 
the region than a doubling of irrigated areas. Because agriculture in Sub-Saharan Africa 
is far below its potential, substantial productivity gains are technically feasible.  
 
Both adaptation scenarios increase total crop production but the magnitude differs 
according to crop type. An increase in irrigated areas and agricultural productivity leads 
to a decrease in the production cost of agricultural products and consequently to a 
reduction in market prices. 
 
Even though Sub-Saharan Africa is not a key contributor to global food production or 
irrigated food production, both adaptation scenarios help lower world food prices. Both 
GTAP-W and IMPACT show more pronounced reductions in domestic and world market 
prices under the scenario simulating enhanced crop productivity. Lower food prices make 
food more affordable for the poor. As a result, the number of malnourished children in 
Sub-Saharan Africa is projected to decline by 0.3 million children by 2050 under the 
doubled irrigated area scenario and by 1.6 million children under the increased 
agricultural productivity scenario. The reduction in the number of malnourished children 
under enhanced crop productivity almost equals the increase in the projected number of 
malnourished children under the climate change baseline compared to a simulation 
without climate change. 
 
Changes in total production in non-agricultural sectors have a mixed pattern; however 
all of them show an increase in domestic and world prices. An exception is the food 
products sector, where price declines because its production is promoted by a higher 
supply and lower price of agricultural products. 
 
Both adaptation scenarios enable farmers to achieve higher yields and revenues from 
crop production. The increase in regional welfare in the first scenario is modest (USD 
119 million), however in the second scenario reaches USD 15,434 million. 
 
The efficacy of the two scenarios as adaptation measures to cope with climate change is 
measured by changes in regional GDP. An increase in agricultural productivity widely 
exceeds the GDP losses due to climate change; GDP increases by USD 25,720 million 
compared to the initial reduction in GDP of USD 3,333 million. The opposite happens for 
an increase in irrigated area; the GDP increase does not offset GDP losses due to climate 
change (GDP increases only by USD 113 million).  
 
While these results are promising regarding the potential to develop investment 
programs to counteract the adverse impacts of climate change, the scenario 
implemented here, SRES B2 is on the conservative side of the range of climate change 
scenarios. 
 
7. DEVELOPMENT OF GENERAL DIRECTIONS FOR ADAPTATION 
AND MITIGATION STRATEGIES 
The results related to adaptation and the specific measures needed to support 
adaptation discussed above (output 2) were widely shared with policymakers, 
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academics, NGOs, donors, and other stakeholders in South Africa and Ethiopia as well as 
at various international conferences.  
 
Key conclusions that extend to all of Sub-Saharan Africa include that adaptation 
strategies need to go beyond improved water storage, additional irrigation, and new crop 
varieties to include a focus on improving farmers’ access to information, credit, and 
markets. Information is the key to adaptation. To ensure that the right information gets 
to the right people, proactive investments, policies, and extension services must 
explicitly target those who are most vulnerable to climate change: subsistence farmers, 
women, children, and marginalized or less-educated groups. 
 
The analysis on investments needed for climate change adaptation for Sub-Saharan 
Africa have shown that additional investments of US$2 billion per year in public 
agricultural R&D, rural roads, female secondary education, irrigation, and access to clean 
water could significantly reduce the adverse effects of climate change in the region. 
US$5 billion per year could help reduce the number of malnourished children to one-third 
of its current level over the next fifty years. 
 
The project also analyzed the potential for Sub-Saharan African countries to contribute 
to climate change mitigation through agriculture and land use change. The review found 
that while there has been little recognition of the role of agriculture and land use change 
in contributing to climate change significant potential exists in these countries to reduce 
climate change. Because agriculture and land use change in the developing world 
currently account for about 22 percent of annual greenhouse gas (GHG) emissions, 
changes in agricultural technologies and land management practices could lead to huge 
reductions in GHGs. By recognizing and financing these mitigation opportunities through 
carbon credits and the like, developed countries would also be providing poor farmers 
with the economic resources they need to adapt. 
 
There was much interest in the study countries, particularly Ethiopia, in the potential for 
contributing to climate change mitigation and benefitting from carbon credits. The 
project sparked discussion on the ways in which better integration into carbon markets 
could occur and facilitated communication between interested stakeholders and the 
World Bank Carbon Fund as well as the UNDP’s Carbon Finance Unit. 
 
8. ENHANCED NATIONAL AND INTERNATIONAL CAPACITY FOR 
CLIMATE CHANGE AND ECONOMIC POLICY ANALYSIS 
Research results were presented at more than 30 international and national conferences, 
both by collaborators and by PhD students. The PhD students involved in the project 
participated in every aspect of the project including data collection, analysis, report 
writing, dissemination of the results, and specific training activities.  
 
All PhD students have made significant progress towards completing their dissertations. 
Temesgen Deressa of Ethiopia published several of his research papers as working 
papers as well as one journal article. Moreover, he submitted his dissertation in 
September 2009 and is defending in early 2010. Following the completion of his PhD 
fellowship he became an African Climate Change Fellowship Program (ACCFP) START 
fellow to continue his studies on climate change. PhD student Alvaro Calzadilla took on a 
position with the Kiel Institute for the World Economy where he continues to work on 
global CGE and climate change modeling. PhD Glwadys Gbetibouo continued her 
research with a climate change fellowship from the University of Hohenheim.  PhD 
student Charles Nhemachena successfully defended his dissertation in 2008 and 
accepted a position with the South African government.  
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Survey instruments and survey data were requested and used by other researchers and 
students in both developed and developing countries; several surveys in other countries 
use the survey instruments for similar analyses.  
 
Similarly, the CGE-climate change linkage has since been further expanded and will lead 
to additional publications.  
 
The Ethiopian collaborating institutions EDRI and EEA both were able to attract new 
climate change research funding after our project was completed as a result of their 
involvement in the CPWF project—for both organizations, PN53 was the first climate 
change research related activity. The capacity impact was arguably much larger in 
Ethiopia.  
 
Even Prime Minister Meles Zenawi responded regarding our study.  
[January 15, 2009—press conference: “There are these new studies released by Columbia Earth 
Institute and the International Food Policy Research Institute (IFPRI), which show that Ethiopia is 
not doing well on adapting to climate change and that more than a third of the rural Ethiopian 
households in the Nile River basin did not make any adjustment to their farming practices in the 
face of global warming. Does the Ethiopian Government have a systematic and comprehensive 
climate change strategy at this time? Response Meles: The thing is, adapting to climate change means 
having the necessary technology and resources to survive and, if possible thrive in spite of changes in the 
climate. Now, the poor do not have the necessary technology; they do not have the necessary resources, in 
terms of money and so on, to be able to change and adapt. So, in my view, adaptation means fighting 
poverty and, fighting poverty quickly and effectively. The sooner you did that, the more resources you would 
have to adapt to climate change. Whichever study is made about Ethiopian agriculture will have to admit that 
the Ethiopian agriculture has been growing at a double-digit rate for the past five years. That is unheard of in 
Ethiopian history. And that, clearly, dramatically improves our capacity to adapt to climate change. And the 
study also shows that we are not, by any imagination, out of the woods yet, in terms of adaptation, Especially 
in the pastoralist areas and in the drought prone areas, wher there is still a lot of work that needs to be done. 
So, we have to balance both facts. As far as strategies are concerned, we have very clear strategies of 
adapting to climate change. Our development strategy itself is one of green development. Our agricultural 
development strategy, as many of you know, is based on rehabilitation of the environment and, protection of 
our agricultural resource base has been at the centre of our development strategy. As many of you know, we 
have been one of the early promoters of biofuel to replace petroleum products. I am sure many of you 
understand we have been investing a lot in the generation of electricity from renewable resources, 
hydropower. We have recently agreed with a French company to harness our wind resources, we have put in 
place a pilot project to generate electricity from geothermal resources and so on. So, we believe, we have 
done quite a bit in terms of, on the one hand, accelerating growth so that we can adapt better, and on the 
other hand, making sure that this growth is, as they say, ‘green growth’, that is broadly carbon neutral. “ 
 
The uploading of the household datasets on the IFPRI website will likely lead to 
additional research publications based on the data collected for PN53. 
 
Moreover, the series of 21 policy briefs that was developed under this project, accessible 
at http://www.ifpri.org/publication/how-can-african-agriculture-adapt-climate-change 
has enjoyed a large number of downloads.  
 
We were also able to distribute a large number of PN53 results at the COP15 meetings in 
Copenhagen, Denmark, in December of 2009. 
 
Research papers and datasets will continue to have impacts into the future. 
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9. OUTCOMES AND IMPACTS 
Summary Description of the Project’s Main Impact Pathways 
Actor or 
actors who 
have changed 
at least 
partly due to 
project 
activities 
What is their 
change in 
practice? I.e., 
what are they 
now doing 
differently? 
What are the 
changes in 
knowledge, 
attitude and 
skills that helped 
bring this 
change about? 
What were the 
project 
strategies that 
contributed to 
the change? 
What research 
outputs were 
involved (if 
any)? 
Please 
quantify the 
change(s) as 
far as possible 
EDRI, Ethiopia 
This was the first 
climate change 
related project for 
EDRI; EDRI is 
directly reporting to 
the Government of 
Ethiopia and as 
such is a primary 
stakeholder of this 
project 
Understanding of 
climate change 
topic and climate 
change research 
Direct 
involvement of 
EDRI staff; 
participation of 
EDRI staff in 
workshops, 
training, and 
research results 
and publications 
Long-term 
benefits in 
future 
appreciation, 
understanding, 
and 
participation in 
climate change 
related projects; 
EEA, Ethiopia 
This was the first 
climate change 
related project for 
EEA; EEA is a 
premier policy 
discussion forum in 
Ethiopia and used 
our results for wide 
dissemination in 
various regional 
states in the 
country  
Understanding of 
climate change 
topic and climate 
change research 
Direct 
involvement of 
EEA staff; 
participation of 
EEA staff in 
workshops, 
training, and 
research results 
and publications 
Long-term 
benefits in 
future 
appreciation, 
understanding, 
and 
participation in 
climate change 
related projects; 
DEAT 
UNFCCC focal point 
in SA—appreciated 
our research results 
Interest in 
research results of 
CC impacts on 
poverty for SSA 
Involvement in 
workshops 
 
NMA 
UNFCCC focal point 
in Ethiopia, 
appreciated 
collaboration and 
research insights 
Enhanced 
understanding on 
research results on 
CC for Ethiopia 
Involvement in 
paper writing and 
workshops 
 
BMZ 
This was (we 
believe) the first 
project funded by 
BMZ on climate 
change under the 
traditional call that 
did not include 
climate change as a 
research topic; 
Adaptation to 
Climate Change in 
Africa has since 
been added to their 
research agenda 
Understanding of 
the importance of 
adaptation to 
climate change in 
Africa 
Review of 
progress results 
and short final 
comment on the 
positive impacts 
from this project 
Many more 
research 
projects are 
now getting 
funded in this 
area. 
UNFCCC 
negotiations 
Increased 
importance of 
agriculture in 
Understanding of 
the importance of 
agriculture in CC 
Policy briefs, 
research papers, 
journal articles, 
Contribution to 
long-term 
benefit through 
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climate change 
negotiations 
negotiations  and attendance of 
climate change 
related meetings, 
including the 
COP15 meetings 
as a result of this 
project have 
helped to increase 
the importance of 
agriculture in the 
climate change 
negotiations 
increased 
funding of 
adaptation 
efforts in the 
developing 
world and role 
of agricultural 
mitigation  
 
Of the changes listed above, which have the greatest potential to be adopted and have 
impact? What might the potential be on the ultimate beneficiaries? 
 
• All impact pathways are important in their own right. All have a large potential to be 
adopted. 
Some changes have already happened; for example, UNFCCC, via COP15, has put 
agriculture on the agenda in climate change negotiations, but significant progress still 
needs to be made. Moreover, it is difficult to judge how much this particular project 
contributed to this outcome. 
 
Similarly, the German donor, BMZ, has already included research on adaptation to 
climate change in Africa into their latest research agenda for funding for CGIAR centers. 
Again, we don’t know how much this change was influenced, if at all, by our project, 
which was funded before climate change had been included. 
 
Changes in Ethiopian agencies and their increased capacity to do climate change related 
research have helped them to obtain additional funding for climate change research. 
Again, we don’t know if these agencies would have received funding or not if they had 
not been involved in research with us. The additional funding and involvement on climate 
change topics is not the key outcome, however. The key outcome is that these agencies 
have direct linkages to the Prime Minister’s Office (EDRI) and to policymakers across 
Ethiopian Regional States (EEA). The Prime Minister, in one of his speeches, cited one of 
our research results. Thus, we have seen that our research results (all policy briefs 
related to Ethiopia have been translated into the key national language, Amharic) have 
had an impact at the highest level. 
 
 
Outcomes and Impacts CPWF Project Report 
 
Page | 42 
 
Outcomes and Impacts CPWF Project Report 
 
Page | 43 
 
What still needs to be done to achieve this potential? Are measures in place (e.g., a new 
project, on-going commitments) to achieve this potential? Please describe what will 
happen when the project ends. 
 
The survey instrument, the survey data and research results have already been taken 
forward by many universities, agencies, and students. In Ethiopia, a new climate change 
research center was to be opened at the Ministry of Agriculture; a flurry of additional 
research projects is operating in the country.  
 
The research results and policy briefs are products that will be available in the long-
term; we assume that some of our research results will be reflected in the next IPCC 
report.  
 
Follow-up research needs were identified by this project; many of these have since 
looked for other funding and many of obtained such funding.  
 
What would you do differently next time to better achieve outcomes (i.e. changes in 
stakeholder knowledge, attitudes, skills and practice)? 
 
The project has achieved the key planned outcomes. Many project collaborators (and the 
leader) did wish to have obtained funding to support a second survey round of the same 
households, as much richer analysis on key vulnerability and climate change related 
poverty assessments could be implemented with panel data (as compared to the one-
time survey that was implemented in South Africa and Ethiopia). Unfortunately, few 
donors support follow-up projects, even if the added costs are low and the added 
benefits are high. 
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10. INTERNATIONAL PUBLIC GOODS 
In addition to the research publications, we developed three kinds of international public 
goods: Decision support tools, methodologies and survey instruments/data 
 
1) Decision support tools 
 
A Global General Equilibrium model was extended to incorporate the capability for both 
water and climate change analysis. To our knowledge, this is the most advanced CGE 
model in this area up to now.  
 
1. Calzadilla, A., K. Redhanz, and R.S.J. Tol. 2008. Water scarcity and the impact of 
improved irrigation management, Working Paper FNU-160. 
http://www.ifw-members.ifw-kiel.de/publications/water-scarcity-and-the-impact-of-
improved-irrigation-management-a-cge-analysis/KWP%201436.pdf 
 Also under review, Agricultural Economics  
 
2. Calzadilla, A., T. Zhu, K. Rehdanz, R.S.J. Tol and C. Ringler. 2009. Economy-Wide 
Impacts of Climate Change on Agriculture in Sub-Saharan Africa. Research unit 
Sustainability and Global Change Working Paper FNU-170, Hamburg University and 
Centre for Marine and Atmospheric Science, Hamburg. 
http://www.fnu.zmaw.de/fileadmin/fnu-files/publication/working-
papers/CalzadillaFNU170.pdf 
 Also under review, Environment and Development Economics 
 
3. Calzadilla, A., K. Rehdanz, and R.S.J. Tol. 2008. Economic Impact of More 
Sustainable Water Use in Agriculture: A Computable General Equilibrium Analysis. 
Research unit Sustainability and Global Change, Working Paper FNU-169, Hamburg 
University and Centre for Marine and Atmospheric Science, Hamburg. 
http://www.fnu.zmaw.de/fileadmin/fnu-files/publication/working-
papers/cgesustainablewateruse.pdf 
 
2) Methodologies 
 
We have used existing research methodologies for climate change analysis that have 
since been taken up by other students and researchers, such as multivariate, 2-stage 
Heckman, logistic and probit analyses, and the PCA approach to vulnerability analysis.  
 
3) Survey instrument and survey data 
 
Both household surveys, for Ethiopia and South Africa, and questionnaires will be shortly 
available on IFPRI’s website.  
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11. PARTNERSHIP ACHIEVEMENTS 
• Ethiopia 
 
NMA-National Meteorology Agency—we developed good relationships with the NMA, 
which has great capacity on meteorology, but little on climate change economics. To 
increase their capacity and ensure that they were part of the project, even if not a direct 
collaborator, we commissioned a paper for them for the mid-term workshop and invited 
them to the final workshop. Abebe Tadege was our main collaborator there (see Brief 6 
below). Unfortunately, he left Ethiopia for a better-paid job opportunity in Kenya shortly 
after the project had ended.  
 
Brief 6: Perceptions of Stakeholders on Climate Change: and Adaptation 
Strategies in Ethiopia 
Assefa Admassie, Berhanu Adenew, and Abebe Tadege  
(English and Amharic) 
 
EIAR—Ethiopian Institute of Agricultural Research—we originally hoped to work with 
them in the project, but our proposed collaborator was not available for 6 months due to 
prolonged illness. However, we kept in contact until the end of the project and some of 
the additional research proposed by us would better integrate agronomy into climate 
change analysis in Ethiopia 
 
CG Centers—In Ethiopia, we invited IWMI to our events. 
 
Donors—several donors attended our final workshop and UNDP presented their work as 
well 
 
NGOs—We invited several organizations to present at our events, such as the Ethiopian 
Wetlands and Natural Resources Association. 
 
• South Africa 
 
ARC—Agricultural Research Council—While they were not a project collaborator, we were 
able to keep close contact through their role as basin coordinating organization. 
 
DEAT—Department of Environmental Affairs and Tourism—We did not collaborate with 
them, but they attended our workshops. They almost commissioned an additional report 
from us to be used by one of their UNFCCC negotiators. 
 
Department of Agriculture—Both the national department and provincial departments 
(particularly from Limpopo province) participated in our workshops and consultations. 
The Dep of Agriculture was very active with comments and suggestions throughout the 
project period. Similar to other countries, SA was developing national-level climate 
change action plans during our project implementation period, which explains their 
interest.  
 
Private Sector—Given the importance of commercial farming in South Africa we put a lot 
of emphasis on involving the private sector in our stakeholder consultations, but success 
remained limited. A representative of the Agricultural Business Chamber did attend out 
stakeholder forum. Moreover, we had good meetings with large commercial farmers 
during the household interviews.  
 
Universities—Many universities in SA are very active in climate change research. We 
invited presentations from these universities in our own workshops to maintain contact 
and exchange research results. Key universities that we involved include: University of 
Capetown (Prof. Mark Tadross); University of Wits (Prof. Coleen Vogel) and University of 
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KwaZulu-Natal (Prof. Robert Schulze), in addition to our “Home University” Pretoria 
(Prof. Rashid Hassan). 
 
NGOs/Farmer Associations—Participants of both groups attended our events, including 
AGRI-SA; and self-proclaimed “water and food activists”  
 
CG-Centers—We maintained contact with one other CPWF project hosted at ICRISAT 
working in the Limpopo basin. We invited former IWMI staff to our final workshop. 
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12. RECOMMENDATIONS 
12.1 Recommendations for policy 
 
Below we present selected recommendation related to vulnerability, adaptation, and 
investments.  
 
• Vulnerability 
 
Given the large spatial differences across province-level vulnerability in both Ethiopia 
and South Africa, policymakers should tailor policies to local conditions.  
 
An effective way to address the impacts of climate change would be to integrate 
adaptation measures into sustainable development strategies, thereby reducing the 
pressure on natural resources, improving environmental risk management, and 
increasing the social wellbeing of the poor.  
 
Highly vulnerable regions require measures to support the effective management of 
environmental resources (e.g., soil, vegetation and water resources); promote increased 
market participation, especially within the large subsistence farming sector; stimulate 
both agricultural intensification and diversification of livelihoods away from risky 
agriculture; and enact social programs and spending on health, education and welfare, 
which can help maintain and augment both physical and intangible human capital.  
 
Finally, policymakers should invest in the development of infrastructure in rural areas, 
while in high exposure regions, especially the coastal zones [of South Africa], priority 
should be given to the development of more accurate systems for early warning of 
extreme climatic events (e.g. drought or floods), as well as appropriate relief programs 
and agricultural insurance. 
 
• Adaptation to climate change 
 
Farm-level adaptation involves more than adopting new agricultural technologies such as 
improved water storage facilities, additional irrigation, and new crop varieties. Given the 
importance of having access to extension services and formal sources of credit on 
farmers’ decision to adapt, policy-makers should extend and improve upon such 
services, ensuring that they reach small-scale subsistence farmers.  
 
Providing support to the poorest farmers is critically important, given that this group is 
the most vulnerable to long term climate change, and least-equipped to make the 
changes needed to sustain their livelihoods in the face of such a threat. Addressing 
market imperfections, including lack of access to information and credit, and ensuring 
effective targeting requires strong leadership and involvement of the government in 
planning for adaptation and implementing measures to facilitate adaptation at the farm 
level.  
 
There are no one-size-fits-all strategies for promoting adaptation of the agriculture 
sector. In Ethiopia, the results show that raising awareness about climate change and 
the available adaptation options is important to encourage farmers to adapt. Other policy 
tools for promoting adaptation in Ethiopia include providing farm support (including tools 
and equipment) and supporting the poorest of the poor with food aid and other forms of 
social assistance. In addition, promoting adaptations that appropriate for a given region 
and are proven to reduce production risk are more likely to be adopted by farmers. 
 
In South Africa, policymakers should make it easier for farmers to receive land titles and 
have access to more fertile lands. Given the fact that very few farmers adapted to 
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perceived climate change in South Africa and the fact that the survey found a much 
wider array of adaptations being taken up by farmers in South Africa, policymakers 
should also focus on which adaptations are most needed and make an effort to promote 
uptake of those options. Because receiving climate information did not increase the 
likelihood of adaptation in South Africa, greater efforts should be made to improve the 
accessibility and usefulness of information provided to farmers to facilitate their 
adaptation. This would involve a large public relations effort aimed at making farmers 
aware of the need to adapt, the options available to them, and the implicit risks with 
each of these options. It also entails presenting climate information in a manner that is 
understandable and useful for farmers. 
 
While this study focuses on how policymakers can promote farm-level adaptations, 
actions on multiple scales are needed. Additional actors, such as the private sector, 
NGO, local institutions, such as farmers associations, and the media, should become 
more involved in promoting adaptation.  
 
Government investments in enhanced and expanded water control, development of 
better crop varieties, and improved crop management practices, such as agro-forestry 
also require government support to be taken up by a larger number of farmers.  
Ultimately, given the constraints to adaptation highlighted in this study, many farmers 
may turn to adaptation options outside the agriculture sector, including migration, or 
finding wage employment. 
 
• Soil and Water Conservation to adapt to Climate Change (Ethiopia) 
 
Soil and Water Conservation (SWC) technologies have significant impacts on reducing 
production risk in Ethiopia and should form part of the country’s climate-proofing 
strategy. However, given differences in agro-ecology, among others, performance of 
these technologies is location specific, and therefore, programs aimed at promoting SWC 
measures as part of a strategy to adapt to climate change should acknowledge these 
differences.  In low-rainfall areas soil bunds appear to be investments with a risk-
reducing effect on production; while stone bunds are risk reducing in low-rainfall areas of 
Amhara and Oromiya. In addition, grass strips, waterways, and trees, which are less 
capital intensive, also appear to have a risk-reducing effect in these dry environments, 
as shown in the SNNPR and BG regions. Contours, irrigation, and improved seed 
technologies do not seem to have any significant effects on reducing production risk in 
areas with low agricultural potential and therefore should not be promoted as part of an 
effort to adapt to climate change.  In high-rainfall areas, most soil conservation 
technologies appear to have positive effects on reducing production risk, with some 
variation by region. Irrigation, traditional seed, and improved seed also have potential as 
adaptation strategies for mitigating climate-change effects through reducing production 
risk in these areas.  The results have demonstrated that although most of the SWC 
investments have significant, positive mean impacts on yields in low-rainfall areas, not 
all show a correspondingly similar risk-reducing effect, which might explain their low 
adoption rates in these areas.  
 
• Investment in irrigation versus crop productivity improvement (SSA-wide) 
 
An increase in agricultural productivity widely exceeds the GDP losses due to climate 
change; GDP increases by US$25.72 billion compared to the initial reduction in GDP of 
US$3.33 billion. The opposite happens for an increase in irrigated area; the GDP increase 
does not offset GDP losses due to climate change (GDP increases by only US$113 
million).  
 
• Climate change adaptation investments for Ethiopia 
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Investments in multipurpose water infrastructure, such as reservoirs, detention ponds, 
and small dams, have a high potential to address increased hydrologic variability by 
increasing water storage and regulating water flows, while at the same time providing 
water for irrigation. The benefit of the Ethiopian government’s proposed irrigation 
development scheme could thus be further enhanced through a focus on multipurpose 
storage infrastructure in high-risk flood areas.  Over time, the nonagricultural sector will 
increasingly dominate Ethiopia’s GDP growth, but most of the population will continue to 
depend on agriculture for survival. Given important concerns about the country’s wealth 
distribution and poverty levels—and given that agriculture is highly vulnerable to climate 
variability and change—Ethiopia should invest more in improving its agricultural sector. 
12.2 Recommendations for research 
 
The study highlighted the need for more research on the effectiveness, risks, and 
benefits of adaptation options in different contexts. IFPRI and collaborating research 
institutes should further explore and assess the implications of different adaptation 
options. In addition, more research is needed on the tradeoffs and synergies between 
adaptation, mitigation, and productivity objectives so that efforts can be made to 
promote synergies whenever possible. 
 
While the purpose of this study was to examine the ways in which policymakers can 
facilitate farm-level adaptations, and what investments are needed at the national level, 
it is equally important to determine which adaptations are most effective at increasing 
farmers’ resilience in a particular context.  This will require more spatially disaggregated 
projections of climate change impacts and more information on the long-term benefits 
and risks of various adaptation options.  Further research on community-based 
adaptation strategies is also warranted.  
 
Moreover, more research is needed on the synergies and tradeoffs between adaptation 
responses, climate change mitigation activities, and efforts to increase agricultural 
productivity so that priority may be given to activities which meet multiple objectives.  
 
Finally, more research is needed on the impacts of extreme events (droughts, floods, 
hailstorms), and not just impacts of climate change as measured by Global Circulation 
Models (increasing temperatures and changing patterns of precipitation). Furthermore, 
impacts of sea-level rise, glacier melt, extreme events, increasing temperatures and 
changing rainfall patterns need to be assessed simultaneously to assess potential 
impacts on agricultural production and food security more in-depth.  
 
Specific additional research needs identified by Ethiopian researchers and policymakers 
include: 1) Further disaggregation of climate change impacts to new agro-ecological 
zones of Ethiopia to develop locale-specific adaptation strategies (also relevant for South 
Africa); 2) Further research on adaptation strategies for pastoralist systems and areas 
(Somali, etc.); 3) Analysis of overall costs and benefits of NAPA priority programs; 4) 
Land degradation and its impact on food security; 5) The role of indigenous knowledge 
for climate change adaptation; 6) Increased family planning as adaptation strategy; 7) 
Traditional Ethiopian water harvesting; 8) Low cost Micro Irrigation; 9) Research on 
adaptation of crops to climate change; 10) Impacts of climate change on other 
biodiversity components; 11) Research on indicator species in relation to Climate 
Change; 12) Effect of climate change on Livestock, Forest, etc.; 13) Reasons for crop 
product mix change under climate change; 14) Research and public action to reduce 
malaria incidence; 15) Research on various aspects of climate change parameters; 16) 
Climate change prediction for various agro-ecosystems; 17) C, N dynamics in plant-soil 
systems in different agriculture-forest systems; and 18) Developing CDM protocols: 
climate change and forest management for CDM opportunities. 
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This paper investigates the impact of climate variability on maize yield in the Limpopo 
Basin of South Africa using the Generalized Maximum Entropy (GME) estimator and 
Maximum Entropy Leuven Estimator (MELE). Precipitation and temperature were used as 
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oped energy sources. This study assesses how investment in and management of water 
resources, together with related policy reforms, may mitigate the negative effects of 
hydrologic variability on the performance and structure of the Ethiopian economy. This is 
accomplished by identifying interventions both aimed at managing hydrologic variability, 
and at decreasing the vulnerability of the economy to potential shocks. The areas of 
focus include increased infrastructure for agricultural irrigation and roads, large-scale 
hydropower generation, and a precipitation forecast model. 
 
Bryan, E., W. Akpalu, M. Yesuf, and C. Ringler. 2008. Global Carbon Markets: 
Are there opportunities for Sub-Saharan Africa? IFPRI Discussion Paper, 832. 
 
Global climate change poses great risks to poor people whose livelihoods depend directly 
on the use of natural resources. Mitigation of the adverse effects of climate change is a 
high priority on the international agenda. Carbon trading, under the Kyoto Protocol as 
well as outside the protocol, is growing rapidly from a small base and is expected to 
increase dramatically under present trends. However, developing countries, in particular 
Sub-Saharan Africa, remain marginalized in global carbon markets, with Africa’s market 
share constituting less than 1 percent (excluding South Africa and North African 
countries). The potential for mitigation through agriculture in the African region is 
estimated at 17 percent of the global total, and the economic potential (i.e. considering 
carbon prices) is estimated at 10 percent of the total global mitigation potential. 
Similarly, Africa’s forestry potential per year is 14 percent of the global total, and the 
avoided-deforestation potential accounts for 29 percent of the global total. Appropriate 
climate-change policies are needed to unleash this huge potential for pro-poor mitigation 
investment in Sub-Saharan Africa. Such policies should focus on increasing the 
profitability of environmentally sustainable practices that generate income for small 
producers and create investment flows for rural communities. Pro-poor investments, 
community development, new research, and capacity building can all help integrate the 
agriculture, forestry, and land-use systems of developing countries into the carbon 
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trading system, both generating income gains and advancing environmental security. 
Achieving this result will require effective integration, from the global governance of 
carbon trading to the sectoral and micro-level design of markets and contracts, as well 
as investment in community management. Streamlining the measurement and 
enforcement of offsets, financial flows, and carbon credits for investors is also needed. 
This review paper begins with an overview of global carbon markets, including 
opportunities for carbon trading, and the current involvement of developing countries, 
with a focus on Sub-Saharan Africa. This is followed by an assessment of the mitigation 
potential and options involving agriculture, land use, and forestry. The major constraints 
to the participation of Sub-Saharan Africa in global carbon markets are discussed, and 
options for integrating the region into global carbon markets are proposed. 
 
Bryan, E., T. Deressa, G. Gbetibouo, and C. Ringler. 2009. Adaptation to climate 
change in Ethiopia and South Africa: Options and Constraints. Environmental 
Science and Policy 12.  
 
Climate change is expected to adversely affect agricultural production in Africa. Because 
agricultural production remains the main source of income for most rural communities in 
the region, adaptation of the agricultural sector is imperative to protect the livelihoods of 
the poor and to ensure food security. A better understanding of farmers’ perceptions of 
climate change, ongoing adaptation measures, and the decision-making process is 
important to inform policies aimed at promoting successful adaptation strategies for the 
agricultural sector. Using data from a survey of 1800 farm households in South Africa 
and Ethiopia, this study presents the adaptation strategies used by farmers in both 
countries and analyzes the factors influencing the decision to adapt. We find that the 
most common adaptation strategies include: use of different crops or crop varieties, 
planting trees, soil conservation, changing planting dates, and irrigation. However, 
despite having perceived changes in temperature and rainfall, a large percentage of 
farmers did not make any adjustments to their farming practices. The main barriers to 
adaptation cited by farmers were lack of access to credit in South Africa and lack of 
access to land, information, and credit in Ethiopia. A probit model is used to examine the 
factors influencing farmers’ decision to adapt to perceived climate changes. Factors 
influencing farmers’ decision to adapt include wealth, and access to extension, credit, 
and climate information in Ethiopia; and wealth, government farm support, and access 
to fertile land and credit in South Africa. Using a pooled dataset, an analysis of the 
factors affecting the decision to adapt to perceived climate change across both countries 
reveals that farmers were more likely to adapt if they had access to extension, credit, 
and land. Food aid, extension services, and information on climate change were found to 
facilitate adaptation among the poorest farmers. We conclude that policy-makers must 
create an enabling environment to support adaptation by increasing access to 
information, credit and markets, and make a particular effort to reach small-scale 
subsistence farmers, with limited resources to confront climate change. 
 
Cai, X., D. Wang, T. Zhu, and C. Ringler. 2009. Assessing the Regional Variability 
of GCM Predictions. Geophysical Research Letters, 36(L02706): 1-6. 
 
While General Circulation Models (GCM) generally converges well at the global level, 
results for individual regions usually show a wide range of variation. This study assesses 
the performance of seventeen GCMs regarding their simulation of temperature and 
precipitation based on hindcasts for the periods of 1961–1990 and 1931–1960. Skill 
scores are plotted on a 2° x 2°_grid to present ‘‘zones’’ of GCM performance. An overlay 
of these skill score maps with global climate zones, land cover, and elevation maps 
shows correlations between GCM performance and the distribution of these geographic 
variables. No GCM is superior in predicting temperature or precipitation for the whole 
world, although some GCMs score better in particular regions. For researchers working 
with GCM results and policymakers who need to make 
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projections, the skill scoremaps may provide useful guidance; while for GCM developers, 
the skill score maps may open areas for further study to improve their models. 
 
Calzadilla, A., K. Redhanz, and R.S.J. Tol. 2008. Water scarcity and the impact of 
improved irrigation management, Working Paper FNU-160. 
http://www.ifw-members.ifw-kiel.de/publications/water-scarcity-and-the-impact-of-
improved-irrigation-management-a-cge-analysis/KWP%201436.pdf  
 
We use the new version of the GTAP-W model to analyze the economy-wide impacts of 
enhanced irrigation efficiency. The new production structure of the model, which 
introduces a differentiation between rainfed and irrigated crops, allows a better 
understanding of the use of water resources in agricultural sectors. The results indicate 
that a water policy directed to improvements in irrigation efficiency in water-stressed 
regions is not beneficial for all. For water-stressed regions the effects on welfare and 
demand for water are mostly positive. For non-water scarce regions the results are more 
mixed and mostly negative. Global water savings are achieved. Not only regions where 
irrigation efficiency changes are able to save water, but also other regions are pushed to 
conserve water. 
 
Calzadilla, A., T. Zhu, K. Rehdanz, R.S.J. Tol and C. Ringler. 2009. Economy-
Wide Impacts of Climate Change on Agriculture in Sub-Saharan Africa. 
Research unit Sustainability and Global Change Working Paper FNU-170, 
Hamburg University and Centre for Marine and Atmospheric Science, Hamburg.  
 
Two possible adaptation options to climate change for Sub-Saharan Africa are analyzed 
under the SRES B2 scenario. The first scenario doubles irrigated areas in Sub-Saharan 
Africa by 2050, compared to the baseline, but keeps total crop area constant. The 
second scenario increases both rainfed and irrigated crop yields by 25 percent for all 
Sub-Saharan African countries. The two adaptation scenarios are analyzed with IMPACT, 
a partial equilibrium agricultural sector model combined with a water simulation model, 
and with GTAP-W, a general equilibrium model including water resources. The 
methodology combines advantages of a partial equilibrium approach, considering 
detailed water-agriculture linkages with a general equilibrium approach, which takes into 
account linkages between agriculture and non-agricultural sectors and includes a full 
treatment of factor markets. The efficacy of the two scenarios as adaptation measures to 
cope with climate change is discussed. Due to the low initial irrigated areas in the region, 
an increase in agricultural productivity achieves better outcomes than an expansion of 
irrigated areas. Even though Sub-Saharan Africa is not a key contributor to global food 
production or irrigated food production, both scenarios help lower world food prices, 
stimulating national and international food markets. 
 
Calzadilla, A., K. Rehdanz, and R. S. J. Tol. 2008. Economic Impact of More 
Sustainable Water Use in Agriculture: A Computable General Equilibrium 
Analysis. Research unit Sustainability and Global Change, Working Paper FNU-
169, Hamburg University and Centre for Marine and Atmospheric Science, 
Hamburg.  
 
Water problems are typically studied at the farm-level, the river–catchment-level or the 
country-level. About 70% of irrigation water is used for agriculture, and agricultural 
products are traded internationally. A full understanding of water use is impossible 
without understanding the international market for food and related products, such as 
textiles. Based on the global general equilibrium model GTAP-W, we offer a method for 
investigating the role of green (rain) and blue (irrigation) water resources in agriculture 
and within the context of international trade. Since problems related to groundwater 
availability are getting more severe in the future, we analyze the impact of different 
water use options for 2025 where data is readily available. We run two alternative 
scenarios. The first, called water crisis scenario, explores a deterioration of current 
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trends and policies in the water sector. The second scenario, called sustainable water use 
scenario, assumes an improvement in policies and trends in the water sector and 
eliminates groundwater overdraft worldwide, increasing water allocation for the 
environment. In both scenarios, welfare gains or losses are not only associated with 
changes in agricultural water consumption. Under the water crisis scenario, welfare not 
only rises for regions where water consumption increases (China, South East Asia and 
the USA). Welfare gains are considerable for Japan and South Korea, Southeast Asia and 
Western Europe as well. These regions benefit from higher irrigated production and 
lower food prices. Alternatively, under the sustainable water use scenario, welfare losses 
not only affect regions where over-drafting is occurring. Welfare decreases in other 
regions as well. These results indicate that, for water use, there is a clear trade-off 
between economic welfare and environmental sustainability. 
 
Deressa, T.T., R. M. Hassan, T. Alemu, M. Yesuf, and C. Ringler. 2008. Analyzing 
the Determinants of Farmers’ Choice of Adaptation Methods and Perceptions of 
Climate Change in the Nile Basin of Ethiopia, IFPRI Discussion Paper 798.  
 
Also as: Deressa, T.D., R.M. Hassan, C. Ringler, T. Alemu, and M. Yesuf. 2009. 
Determinants of farmers’ choice of adaptation methods to climate change in the 
Nile Basin of Ethiopia. Global Environmental Change, 19: 248-255. 
 
This study identifies the major methods used by farmers to adapt to climate change in 
the Nile Basin of Ethiopia, the factors that affect their choice of method, and the barriers 
to adaptation. The methods identified include use of different crop varieties, tree 
planting, soil conservation, early and late planting, and irrigation. Results from the 
discrete choice model employed indicate that the level of education, gender, age, and 
wealth of the head of household; access to extension and credit; information on climate, 
social capital, agroecological settings, and temperature all influence farmers’ choices. 
The main barriers include lack of information on adaptation methods and financial 
constraints. Moreover, the analysis reveals that age of the household head, wealth, 
information on climate change, social capital, and agroecological settings have significant 
effects on farmers’ perceptions of climate change. 
 
Deressa, T. D., R. Hassan, and C. Ringler. 2008.  Measuring Ethiopian Farmers’ 
Vulnerability to Climate Change across Regional States. IFPRI Discussion Paper 
806. 
 
This study analyzes the vulnerability of Ethiopian farmers to climate change based on the 
integrated vulnerability assessment approach using vulnerability indicators. The 
vulnerability indicators consist of the different socioeconomic and biophysical attributes 
of Ethiopia’s seven agriculture-based regional states. The different socioeconomic and 
biophysical indicators of each region collected have been classified into three classes, 
based on the Intergovernmental Panel on Climate Change’s (IPCC 2001) definition of 
vulnerability, which consists of adaptive capacity, sensitivity, and exposure. The results 
indicate that the relatively least-developed, semiarid, and arid regions—namely, Afar and 
Somali—are highly vulnerable to climate change. The Oromia region—a wide region 
characterized both by areas of good agricultural production in the highlands and 
midlands and by recurrent droughts, especially in the lowlands—is also vulnerable. The 
Tigray region, which is characterized by recurrent drought, is also vulnerable to the 
negative impacts of climate change in comparison with the other regions. Thus, investing 
in the development of the relatively underdeveloped regions of Somali and Afar, 
irrigation for regions with high potential, early warning systems to help farmers better 
cope in times of drought, and production of drought-tolerant varieties of crops and 
species of livestock can all reduce the vulnerability of Ethiopian farmers to climate 
change. 
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Deressa, T.T. Assessing Household Vulnerability to Climate Change: The case of 
farmers in the Nile Basin of Ethiopia. IFPRI Discussion Paper, 935. 
 
This study measures the vulnerability of farmers to climatic extremes such as droughts, 
floods and hailstorms, by employing the “vulnerability as expected poverty” approach. 
This approach is based on estimating the probability that a given shock or set of shocks 
will move household consumption below a given minimum level (such as the 
consumption poverty line) or force the consumption level to stay below the given 
minimum if it is already below this level. The utilized data come from a household survey 
of farmers performed during the 2004/2005 production year in the Nile Basin of Ethiopia. 
The results show that the farmers’ vulnerability is highly sensitive to their minimum daily 
requirement (poverty line). For instance, when the daily minimum income is fixed at 0.3 
United States dollars (USD) per day, only 12.4 percent of farmers are vulnerable to 
climate extremes, whereas 99 percent of farmers are vulnerable when the minimum 
requirement is fixed at 2 USD per day. The results further indicate that farmers in kola 
agro-ecological zones (which are warm and semi-arid) are the most vulnerable to 
extreme climatic events. Policy-wise, these preliminary results indicate that, keeping 
other factors constant, increasing the incomes of farmers (with special emphasis on 
those in kola agro-ecological zones) and enabling them to meet their daily minimum 
requirements will reduce their vulnerability to climatic extremes. 
 
Gbetibouo, G.A. 2009. Understanding Farmers' Perceptions and Adaptations to 
Climate Change and variability: The case of the Limpopo Basin’ farmers, South 
Africa, IFPRI Discussion Paper 849.  
 
Climate change is expected to have serious environmental, economic, and social impacts 
on South Africa. In particular, rural farmers, whose livelihoods depend on the use of 
natural resources, are likely to bear the brunt of adverse impacts. The extent to which 
these impacts are felt depends in large part on the extent of adaptation in response to 
climate change. This research uses a “bottom-up” approach, which seeks to gain insights 
from the farmers themselves based on a farm household survey. Farm-level data were 
collected from 794 households in the Limpopo River Basin of South Africa for the farming 
season 2004–2005. The study examines how farmer perceptions correspond with climate 
data recorded at meteorological stations in the Limpopo River Basin and analyzes 
farmers’ adaptation responses to climate change and variability. A Heckman probit 
model and a multinomial logit (MNL) model are used to examine the determinants of 
adaptation to climate change and variability. The statistical analysis of the climate data 
shows that temperature has increased over the years. Rainfall is characterized by large 
inter-annual variability, with the previous three years being very dry. Indeed, the 
analysis shows that farmers’ perceptions of climate change are in line with the climatic 
data records. However, only approximately half of the farmers have adjusted their 
farming practices to account for the impacts of climate change. Lack of access to credit 
was cited by respondents as the main factor inhibiting adaptation. The results of the 
multinomial logit and Heckman probit models highlighted that household size, farming 
experience, wealth, access to credit, access to water, tenure rights, off-farm activities, 
and access to extension are the main factors that enhance adaptive capacity. Thus, the 
government should design policies aimed at improving these factors. 
 
Gbetibouo, G. A. and C. Ringler. 2009. Mapping South African Farming Sector 
Vulnerability to Climate Change and Variability. IFPRI Discussion Paper 885. 
 
This paper analyzes the vulnerability of South African farmers to climate change and 
variability by developing a vulnerability index and comparing vulnerability indicators 
across the nine provinces of the country. Nineteen environmental and socio-economic 
indicators are identified to reflect the three components of vulnerability: exposure, 
sensitivity, and adaptive capacity. The results of the study show that the region’s most 
vulnerable to climate change and variability also have a higher capacity to adapt to 
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climate change. Furthermore, vulnerability to climate change and variability is 
intrinsically linked with social and economic development. The Western Cape and 
Gauteng provinces, which have high levels of infrastructure development, high literacy 
rates, and low shares of agriculture in total GDP, are relatively low on the vulnerability 
index. In contrast, the highly vulnerable regions of Limpopo, KwaZulu Natal and the 
Eastern Cape are characterized by densely populated rural areas, large numbers of 
small-scale farmers, high dependency on rainfed agriculture and high land degradation. 
These large differences in the extent of vulnerability among provinces suggest that policy 
makers should develop region-specific policies and address climate change at the local 
level. 
 
Kato, E., C. Ringler, M. Yesuf, and E. Bryan. Evaluation of adaptations to climate 
change: Analysis of risk increasing and risk reducing effects of soil 
conservation technologies in low and high rainfall woredas of Ethiopia. IFPRI 
Discussion Paper 871. 
 
This study investigates the impact of different soil and water conservation technologies 
on the variance of crop production in Ethiopia to determine the risk implications of the 
different technologies in different regions and rainfall zones. Given the production risks 
posed by climate change, such information can be used by decision makers to identify 
appropriate agricultural practices that act as a buffer against climate change. Using a 
household- and plot-level data set, we apply the Just and Pope framework using a Cobb- 
Douglas production function to investigate the impact of various soil and water  
conservation technologies on average crop yields and the variance of crop yields, while 
controlling for several household- and plot-level factors. Results show that soil and water 
conservation investments perform differently in different rainfall areas and regions of 
Ethiopia, which underscores the importance of careful geographical targeting when 
promoting and scaling up soil and water conservation technologies. We find that 
although soil bunds, stone bunds, grass strips, waterways, and contours all have very 
significant positive impacts on average crop yields in low-rainfall areas, only soil bunds 
have significant risk-reducing effects in these areas with low agricultural potential. We 
also find that irrigation and use of improved seeds have insignificant risk-reducing 
effects in low-rainfall areas, suggesting that—as currently implemented—these 
interventions may not be appropriate adaptation strategies for these environments. 
Regionally, in the low-rainfall areas we find significant spatial heterogeneity, with soil 
bunds being risk reducing in Oromiya and Amhara, and stone bunds, grass strips, and 
waterways being risk reducing in the Southern Nations, Nationalities, and Peoples 
Region. Irrigation was only risk reducing in the high-rainfall areas of Benishangul-
Gumuz. These results remain robust even after controlling for the major crops grown on 
the plot. Results show that soil and water conservation technologies have significant 
impacts on reducing production risk in Ethiopia and could be part of the country’s 
climate-proofing strategy. However, results also show that one-size-fits-all 
recommendations are not appropriate given the differences in agroecology and other 
confounding factors. 
 
Nhemachena, C. and R. Hassan. 2007. Micro-Level Analysis of Farmers’ 
Adaptation to Climate Change in Southern Africa, IFPRI Discussion Paper, 714. 
 
Adaptation to climate change involves changes in agricultural management practices in 
response to changes in climate conditions. It often involves a combination of various 
individual responses at the farm-level and assumes that farmers have access to 
alternative practices and technologies available in the region. This study examines 
farmer adaptation strategies to climate change in Southern Africa based on a cross-
section database of three countries (South Africa, Zambia and Zimbabwe) collected as 
part of the Global Environment Facility/World Bank (GEF/WB) Climate Change and 
African Agriculture Project. The study describes farmer perceptions to changes in long-
term temperature and precipitation as well as various farm-level adaptation measures 
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and barriers to adaptation at the farm household level. A multivariate discrete choice 
model is used to identify the determinants of farm-level adaptation strategies. Results 
confirm that access to credit and extension and awareness of climate change are some 
of the important determinants of farm-level adaptation. An important policy message 
from these results is that enhanced access to credit, information (climatic and 
agronomic) as well as to markets (input and output) can significantly increase farm-level 
adaptation. Government policies should support research and development on 
appropriate technologies to help farmers adapt to changes in climatic conditions. 
Examples of such policy measures include crop development, improving climate 
information forecasting, and promoting appropriate farm-level adaptation measures such 
as use of irrigation technologies. 
 
Shewmake, S. 2008. Vulnerability and the Impact of Climate Change in South 
Africa’s Limpopo River Basin, IFPRI Discussion Paper, 804. 
 
This paper uses farmers’ responses to exogenous weather shocks in South Africa’s 
Limpopo River Basin to gauge how farmers are apt to respond to future climate change-
induced shocks, in particular drought. Droughts are expected to increase in both 
frequency and intensity as a result of climate change. This study examines the costs of 
drought today and who it affects the most, in an effort to guide policy adaptations in the 
future. A combination of descriptive statistics and econometric analysis is used to 
approximate the potential impact of droughts on rural South African households. This 
paper also estimates household vulnerability. After controlling for household 
heterogeneity using propensity score matching, it is noted that there is no statistically 
significant impact of droughts on income, thus suggesting households have already 
adapted to living in a drought-prone environment. The types of households that were 
more vulnerable to climate shocks are analyzed using two measures of vulnerability: the 
probability of falling below income of 7,800 South African Rand (R), and the probability 
of income falling below 16,000 R. Residents of the Limpopo province were the least 
vulnerable under both metrics. Setswana and SeSwati households were more vulnerable 
than other ethnic groups. Households that do not own livestock and households that rely 
on rainfed agriculture were also more vulnerable than other households. 
 
Sulser, T.B., C. Ringler, T. Zhu, S. Msangi, E. Bryan, and M. Rosegrant. 2009. 
Green and blue water accounting in the Ganges and Nile basins: implications for 
food and agricultural policy. Journal of Hydrology, 384 (3-4): 276-291. 
 
Also as: Sulser, T., C. Ringler, T. Zhu, S. Msangi, E. Bryan, and M.W. Rosegrant. 
Green and blue water accounting in the Limpopo and Nile basins: implications 
for food and agricultural policy. IFPRI Discussion Paper, 907. 
 
Globally, most food is produced using soil moisture that comes from precipitation (i.e., 
“green” water).  Moreover, most of the water that reaches plants in irrigated systems 
also stems from precipitation.  Despite this, irrigation (or “blue”) water has typically 
been the focus for policy analysis, largely because it is possible for humans to 
manipulate blue water.  This paper analyzes alternative water futures using a combined 
green and blue water accounting framework embedded within the water simulation 
components of IFPRI’s International Model for Policy Analysis of Agricultural Commodities 
and Trade (IMPACT).  Future scenarios recently developed for the International 
Assessment of Agricultural Knowledge, Science and Technology for Development 
(IAASTD) and other studies are assessed with respect to this adjusted green/blue water 
accounting framework.  The results reveal that accounting explicitly for green water 
resources broadens the scope of options for decision-makers who are seeking to improve 
agricultural production in the face of rising food and energy prices, a degrading water 
and land resource base, and increasing demands.  This analysis highlight the importance 
of green/blue water accounting and presents a wider range of agricultural science and 
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technology policy options for increasing global crop productivity across a span of 
potential futures.   
 
Yesuf, M. and R.A. Bluffstone. 2007. Risk Aversion in Low-Income Countries: 
Experimental Evidence from Ethiopia. IFPRI Discussion Paper 715. Also as: 
Yesuf, M. and R.A. Bluffstone. 2009. Poverty, Risk Aversion, and Path 
Dependence in Low-Income Countries: Experimental Evidence from Ethiopia, 
American Journal of Agricultural Economics, 91(4): 1022-1037. 
 
Production systems in low-income developing countries are generally poorly diversified, 
focusing on rainfed staple crop production and raising livestock. These activities are 
inherently risky and investment and production decisions by farm households are 
therefore made within environments that are affected by risk. Because of poorly 
developed or absent credit and insurance markets it is difficult to pass any of these risks 
to a third party. As a result, it is often found that even when the expected net return is 
high, households are reluctant to adopt new agricultural technologies when they involve 
risk. Better understanding risk behavior will be essential for identifying appropriate farm-
level strategies for adaptation to climate change by low-income farmers. Despite risk’s 
potentially central role in farm investment decisions, there have been few attempts to 
estimate the magnitude and nature of risk aversion of farm households in low-income 
developing countries. To partially close this gap, this paper uses an experimental 
approach applied to 262 households in the Ethiopian highlands with real payoffs. By 
incorporating both small and large stakes and gains and losses into the experiment, we 
test for the presence of low stake risk aversion and loss aversion. We find that more 
than 50 percent of the households are severely or extremely risk averse. This contrasts 
with studies in Asia where most household decision-makers exhibit moderate to 
intermediate risk aversion. We find that households that stand to lose as well as gain 
something from participation in games are significantly more risk averse than 
households playing gains-only games. This strongly suggests that agricultural extension 
efforts involving losses as well as gains may face systematic resistance by farmers in 
low-income, high-risk environments. Promotion of technologies with downside risks – 
even if the upside potential is enormous – should therefore be combined with insurance 
or other support. We also find that even without the possibility of losses households are 
much more averse to risk when stakes are high. Results indicate that insurance or other 
support can likely be phased out. After initial successes have convinced farmers that 
technologies are viable, risk aversion declines. There are also significant differences in 
risk averting behavior between relatively poorer and wealthier farm households, which is 
consistent with decreasing absolute risk aversion. This suggests that as wealth is built up 
households are willing to take on more risk in exchange for higher returns. Both these 
findings suggest strong path dependence. Efforts to develop poor rural areas through 
promotion of risky technologies should take this path dependence into account. Early 
successes are important, but households should also be allowed to build up wealth 
before they are challenged or tempted to take on more risky ventures. Furthermore, the 
finding that even without the possibility of losses households are much more risk averse 
when stakes are higher, suggests that agricultural extension should start modestly 
before asking households to take on larger gambles. 
 
Yesuf, M., S. Di Falco, T. Deressa, C. Ringler, and G. Kohlin. 2008. The impact of 
climate change and adaptation on food production in low income countries: 
Evidence from the Nile Basin, Ethiopia. IFPRI Discussion Paper 828. 
 
This paper presents an empirical analysis of the impact of climate change on food 
production in a typical low-income developing country. Furthermore, it provides an 
estimation of the determinants of adaptation to climate change and the implications of 
these strategies on farm productivity. The analysis relies on primary data from 1,000 
farms producing cereal crops in the Nile Basin of Ethiopia. Based on monthly collected 
meteorological station data, the thin plate spline method of spatial interpolation was 
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used to interpolate the specific rainfall and temperature values of each household. The 
rainfall data were disaggregated at the seasonal level. We found that climate change and 
climate change adaptations have significant impact on farm productivity. Extension 
services (both formal and farmer to farmer), as well as access to credit and information 
on future climate changes, affect adaptation positively and significantly. Farm 
households with larger access to social capital are more likely to adopt yield-related 
adaptation strategies. 
 
You, J. Y. and C. Ringler. 2010. Hydro-Economic Modeling of Climate Change 
Impacts in Ethiopia. IFPRI Discussion Paper 960. 
 
Ethiopia is susceptible to frequent climate extremes such as disastrous droughts and 
floods. These disastrous climatic events, which have caused significant adverse effects 
on the country’s economy and society, are expected to become more pronounced in the 
future under climate change. To identify the potential threat of climate change to the 
Ethiopian economy, this study analyzes three major factors that are changing under 
global warming: water availability under higher temperatures and changing precipitation 
patterns, the impact of changing precipitation patterns on flooding, and the potential 
impact on crop production of the carbon dioxide (CO2) fertilization effect. These issues 
are analyzed based on an existing multi-market-sector model for the Ethiopian economy, 
with a focus on agriculture. Our analysis finds that the major impact of climate change 
on Ethiopia’s economy will result from more frequent occurrence of extreme hydrologic 
events, which cause losses in both the agricultural and nonagricultural sectors. To adapt 
to these long-term changes, Ethiopia should invest in enhanced water control to expand 
irrigation and improve flood protection.  
 
Zhu, T., and C. Ringler. 2009. Climate Change Implications for Water Resource 
Systems in the Limpopo River Basin. IFPRI Discussion Paper 961. 
 
This paper analyzes the effects of climate change on hydrology and water resources in 
the Limpopo River Basin of Southern Africa, using a semi-distributed hydrological model 
and the Water Simulation Module of the International Model for Policy Analysis of 
Agricultural Commodities and Trade (IMPACT). The analysis focuses on the effects of 
climate change on hydrology and irrigation in parts of the four riparian countries within 
the basin: Botswana, Mozambique, South Africa, and Zimbabwe. Results show that water 
resources of the Limpopo River Basin are already stressed under today’s climate 
conditions. Projected water management and infrastructure changes are expected to 
improve the situation by 2030 if current climate conditions continue into the future. 
However, under the four climate change scenarios studied here, water supply situations 
are expected to worsen considerably by 2030. Assessing hydrological impacts of climate 
change is crucial given that expansion of irrigated areas has been postulated as a key 
adaptation strategy for Sub-Saharan Africa. Such expansion will need to take into 
account future changes in water availability in African river basins.  
